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STUDIES ON INDIAN SIMULIIDiE 

Part VIII. 


FAR EASTERN ASSOCIATION OF TROPICAL MEDICINE 
9th congress 


The meeting of the above Association which was announced in the 
April 1933 issue of this Journalio be held at Nanking, China, from the 2nd 
to the 8th October, 1933, has been postponed by the Chinese Government 
A further announcement as to where and when the 9th Congress wjU meet 
will be made in this Journal in due course The notice in the April numbei 
may therefore be regarded as cancelled 

Editor 


(15 aureuni), nowevei, txie iimu uasituibus wiougu hod emaigea is nor paraiiei-siaea 
The adults of both those species are characterized by having a coarse golden pubes- 
cence on the abdomen and their hypopygia show a great deal of resemblance with 
each other 

Simulium (Eusimulium) aureohirtum (1911) 

S aui eoJiirtum was described by Brunetti (1911) from two males and two 
females collected from ‘ TJmling, Assam (in-07) ’, and several females (including 
type female) from ‘ Kanara, Bombay (vin-07) all of which, according to him, 
are in the Museum at Pusa In the collection of simulids now in the Pusa Museum 
there are 14 specimens (6 females and 8 males) marked ‘ Umling, Assam, iii-07, 
Patel ’, and 4 females and 2 males marked ‘ Kanara, Bombay, PGP vm-07 ’ 
(types and some of the paratypes of auieohirtuni being in the British Museum 
London) Of the former 14 specimens, 7 males and 4 females belong to aureohirtum 
J, MR ( 1 ) 1 
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Brunetti, 1 male to meiataisnle Briinetti, 1 female to patlom Senior White and 1 
female to cJinstophersi Pun while all the specimens from Kanara, Bombay, belong 
to pattoni S W After examining the types and paiatvpes on which Brunetti 
had based his species Edwards (1928) has already pointed out that the males 
belong to one species and the females to two others, and that the name anieohrlwn 
Brunetti must be retained for the male 

Brunetti’s description of the male as well as of the female is so vague that he 
himself was not able to identify his species pioperly The male specimen, selected 
by him as the neotype of S %nd^nwt Bechcr, belongs to his species avicohrivm and 
among the specimens identified bj’- him in 1917 foi the Pnsa Museum are two males 
and twm females from Simla, all marked bi him as atneoliohm, but an examination 
of these shows that they all belong to S amcnm Linneiis winch species is raaikcdly 
distinct from aureolnitwn Under tlie ciicumstances detailed descriptions of the 
male as well as of the female appear to be veiy necessary 

FEMALE 

Head dark slate, with short pale golden pubescence Frons moderatch broad, 
somewhat narrowed m the region of the antennae, its greatest width at the top a 
little less than one-thud the width of the head The colour of the antennae is 
variable that of the two basal segments varies fiom yellow to reddish oiange and 
brown, wdiile that of the rest from yellowish orange to reddish and dark blown 
The colour of the two basal segments is usually lighter than that of the rest of the 
antenna, and that of the third the darkest In majority of specunens the coloui of 
the antenn® is reddish orange Palpi biownish black 

Thoiax — Mesonotum dull, greyish black, covered densely wuth a short, pale 
golden pubescence Some specimens show a pair of very narrow, sub-median 
greyish longitudinal lines Scutellum somewhat brownish black, wuth pale golden 
pubescence and having a row of long, pale golden, marginal haiis Pleurae dark 
grey, membranous area as well as the mesosternum bare 

Abdomen dull black dorsally, covered wuth a pale golden pubescence, basal 
scale pale yellowish brown, fringe of hairs golden Venter somewhat yellowish 
black Teiminalia (Plate I, fig 1) Short and slender macrosetae are evenly 
distributed on the posterior two-thirds of the ventral surface of segment 7 , steinite 
of segment 8 is broad, somewhat thinly chitimzed, with broadly rounded lateral 
ends Except on its anterior half and a narrow portion in the middle line, the 
stermte is covered with short slender macrosetae The anterior gonopophyses are 
thinly chitimzed and appear as broad projection of the posterior border of stermte 
8, without any line of demarcation separating them from the stermte itself Their 
interno-lateral border is somewhat thickened, wuth the interno-posterior end 
rounded and produced backwards The paraprocts and cerci are thinly chitimzed 
and of moderate size 

Legs — Fore cox® pale yellow, posterior ones nearly black , all trochanters pale 
yellow , the femora also pale yellow with their distal one-fifth or so black , the black 
pigment on the fore femora not as well marked as that on the posterior legs, that 
on the hind leg being the most conspicuous Fore tibi® pale yellow with the distal 
one-fourth black and a faint sub-basal blackish yellow ring , middle and hind tibi® 
pale yellow with the distal one-third black and fairly broad yellowish black 
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sub-basal band, that on the lattei much better marked than that on the foimei 
These black l)and 5 var> in tlieii density but aie invariably present and are 
characteristic of this species Fore tarsi black, not flattened but cylindrical, the 
fiist segment oaei seven times as long as its greatest width Segments 1 and 3 
with a pan of long black hairs sub-apically on their posterior border Base 
of the first tarsal segment of the middle leg, basal three-fourths of the first and 
the basal portion of the second taisal segment of the hind leg pale yellow, the 
lest of tarsi black Pcdisulcus and calcipala well marked All claws with a 
large basal tootli (Plate I fig 2) All legs w ith fine pale golden pubescence, 
more conspicuous on the }ellow than on the black portions 

TfiH( 7 s — Noiranl, hyaline, ladius hairy throughout Eadial sector simple 
Wing length about 2 7 mm 

Haltcres }ellowish white 

Buccal cavit} without any cluster of nodules or teeth on its ventral or dorsal 
surface The posterior border of the ventral surface regular and more or less 
straight 

The. arms of the furca cuived dowmw'ards, their ends fixed to a triangular 
chitimzation, not as well developed in speties in which segment 8 bears a large 
tergite Spei inatheca single, oval in form and uniformlv dark brown It differs 
from those of most of the other species examined so far in not haring a rounded 
colourless aiea in the region of the commencement of the duct , on the other hand 
a short basal portion of the duct is formed of the thickened dark brown chitm which 
appears to line the wall of the spermatheca (Plate I, fig 3) 

MALE 

Head black, wuth a fnnge of short black hairs Face pale grey with sparse 
golden hairs Antennar varying in colour from yellow to reddish orange and dark 
brown The colour of the third basal segment is darker than that of the rest of the 
antenna and is usually dark brown Palpi brownish black 

Thorax — Mesonotum when viewed from in front appears dull greyish black, 
with a broad velvet black median longitudmal stripe, about one-fourth the width of 
the mesonotum, gradually widening out posteiiorly and having a very narrow pale 
grey lateral border”^ When viewed from behind the whole of mesonotum appears 
velvet black with a pair of narrow, greyish, sub-median longitudmal stripes It 
IS covered uniformly and fairly densely with a short golden pubescence, somewhat 
copper coloured on the median velvet black area, and pale golden to silvery near the 
anterior border on either side In certain lights the lateral as well as the posterior 
borders of the mesonotum appear slate grey Scutellum vanes from lirowmsh 
black to black, is covered with a short golden*pubescence and has a fringe of long 
golden hairs Pleurae slate grey, membranous area as well as the mesosternum 
bare 

Abdomen velvet black, with a coarse golden pubescence , long hairs on the 
basal scale black basally, their distal two-thirds golden A pair of sili ery spots 
present on segment 2 dorsally but the spots usually present on segments 5-7 in 


* In some Bpeoimeus there la a famt giey, very narro^^ median stnpe as nell 
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the males are absent in this species, a slight gic}ness being observable laterally 
along the posterior border of segment 7 only Gavkd aunalwe (Plate I, fig 4) is 
marhedly different fiom those belonging to the sub-genus Swmlnim The coxites 
are comparatively large, longer than their greatest vidth near the base, bearing a 
number of macrosetse, three oi foui of which aie much longer than the others The 
styles are very short, only about half the length of the coxites and arc somewhat 
rectangular in shape (Plate I, fig 5), their width a little shoiter than then length 
Their distal end is somewhat concave and each style bears a short sub-toiminal 
spine on its dorsal surface near its outei edge The intei-coxal piece (Plate I, figs 4 
and R) is broad, plate-like, somewdiat folded in the middle, with a median Iceel-like 
process projecting downwards from its vential suiface This process is densely 
covered all over with long conspicuous setse The pan of apodemes at the anterior 
ends of the inter-coxal piece aie short, slender and curved The median chitmous 
plate lying above and a little behind the inter-coxal piece is long and narrow with a 
round posterior end The lateral chitinizations of the mesosome, just behind the 
coxites, are comparativelv narrow and appear like a long spine on either side 
Instead of the cluster of spines found on each side of the genital opening in the sub- 
genus Simuhum there is only a single large spine on each side The region behind 
the genital opening is covered with irregular rows of fine setae arising in groups 
The cerci aie in the form of a pair of thinly chitinwed flattened processes diiected 
inwards and a little backwards (Plate I, fig 4c) and the paraprocts are inconspicuous 
protuberances at the bases of the cerci 

Legs — Coxce, trochanters and femora as in female All tibia? yellow' basally, 
gradually becoming black on the distal half and with a w'ell-marked, broad, sub- 
basal black ring (Plate I, fig 7) Pore taisi black cylindrical, first segment over 
seven times its greatest width Basal half of the fiist and the base of the second 
tarsal segments of the hind leg blackish yellow, the lest of middle and hind taisi 
black The hind basitarsus (Plate I, fig 7) not enlarged, practically parallel-sided 
It IS about three-fourths as long as the hind tibia (0 78 of the length of the latter) 
and proportionately as broad, its greatest width being 0 75 of that of the latter 
and only 0 23 of its own length The yellow portions of the legs bear golden pubes- 
cence 

Wings as in female 
PUPA 

Size about 2 7 mm x 1 0 mm 

The integument of the head and thorax is light brown, sparsely covered with 
moderate-sized disc-like tubercles The head bears the usual three pairs, while 
the thorax has five pairs of trichomes dorsally These trichomes are short and 
simple The cuticular hooks on the dorsal as well as the ventral surface of the 
abdomen are as m himalayense, with one or more strongly chitimzed sensory haus 
on the ventral surface of segment 4 Dorsally on segment 8 there is an uregulai 
row, broken in the middle line, of backwardly directed cuticular spines along the 
anterior border, a few'*' spines present on segment 7 and some very minute ones on 


* The number of these spines is very vanable in this species 
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segment 9 nlso The pair of sub-terminal spines on segment 9 are -^vell 
developed 

Respirctory fiJameiilt, (Te\t-%me) are a little longer than the pupa, 6 
m number, airaiigcd in three stalked pairs— a vential, an outer and a dorsal pair 



Text eigitre 

I At Prai del 

Simulium aureohirtum BBtruET-n 

Pupal respirator? filaments of left side in situ Anterior end of pupa and cocoGn 
flrairn to shoi? mode of origin of filaments 

The stalks are comparatively stout and are widely divergent, as are also the fila- 
ments The surface of the filaments is covered with minute tubercles, somewhat 
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largei ones placed on the ridges forming a rcticnlnr pattern mIhIc smaller ones 
sparsely covering the interspaces, as in ndgii icim 

Cocoon is light yellowish brovn to duty brown in colour, of the ordinary v all- 
pocket shape, fairly closely v oven, without any windov s or interspaces in the mesh 
Its anterior border is not thickened and bears a short median rather broad anterior 
process at its dorsal end It piactieally covers the pupa, its length along its base 
being about 3 7 mm and dorsally up to the end of the median process about 3 mm 
The width of the cocoon often varies from about 1 4 mm to 2 4 mm 

LARVA (Full-gkoun) 

Average length about 5 b mm , colour vaiying from dirty cream to pale 
brownish yellow without any definite markings 

Head golden brown, usually witk foiu dark fairly well-defined spots on the 
dorsal surface, two elongated, median and one on each side near the posterioi border 
of the frons-clypeus The posterioi and larger of the tu o median elongated spots is 
usually the darkest of all The poorly chitimzed area on the ventral surface of the 
head-capsule not very wide, extending anteriorly to even less than half the length 
of the head Antennce long and slender, 4-segmented, 1st segment about 6 times 
as long as broad , 1st three segments aie about equal in length, and 4th is minute 
Cephalic fan filaments number about 40 On the mandibles (Plate I, fig 8) the 
cluster of bristles behind the teiminal teeth aie arranged as in aiirenm^ The 
number of teeth m the sub-teiminal row on the ventral surface appear to be variable 
but usually there are 6 teeth gradually decreasing m size The pair of tooth-like 
processes on the inner border are about equal in size and shaped as in the figure 
Sub-mentum (Plate I, fig 9) has 9 teeth in the terminal row and 5 on each side 
The median tooth and the one at each end of the front row are comparatively much 
larger than the others and the 3rd tooth from each end is the smallest There are 5 
long hairs on each side on the ventral surface of the sub-mentum 

Each of the three anal gills have thiee to five branches neai the base, decreasing 
in size distally Posicnoi suclei has about 60 rows, with 10-13 hooks in each 
Vential papill® moderately long and conical 


DISTRIBUTION 

This species was originally described from two males and two females from 
Umlmg, Assam (iii-07), and m the Pusa Museum collection now there are 8 males 
and 3 females from Umlmg, Assam (15-111-07, Patel’s), a number of females from 
Igatpuri, Nasik and Sonagad Forest (all in Bombay Presidency), iii-ll I have 
bred out over 800 specimens (males and females) most of them from isolated pupae 
collected from the following places — 

Phe Punjab — Large numbeis fiom Shamri Nala (below'^ Bishop Cotton School), 
Simla, 21-VU-26 , a small stream ciossing Kasauli-Subathu Road, viu-26 , R 
Ghagai near Pmjaiir, Patiala State (6-iv-30) , on grass in the River Leh at and 
near Rawalpindi, 9/15'Xi-30 , a few in the stream at Wah (near Hasanabdal), 
Pun3ab, ll-xi-30 


* See C Text figure 17 (Pun, 1925) 
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The Madias ritsidcnci/ — Stream near Dhobighat, Coimbatore, 9-1-28, large 
numbers on submerged grass m a stieam near Dbobigliat, Ootacamund (10-1-28) , 
small stream below walerwoiks, Vi/agajiatam (9-xi-28) , a single specimen from 
a stream near Tanmalai Kailwaj Station, Tmncvelley Distiict, 21-1-31 

The Boiiibaij Picsidcncij — Small streams near Manmad, Nasik, Igatpuri, and 
Kasara 10/1 l-\ii-30 , a few specimens from near Poona, 23-sii-30 , a small 
stream below Dliobigli.it, l\laliableshwar, 23-\ii-30 , stieam below the Eeservoir 
at Lonaala, 25/2G-\ii-30 , small streams near Savantvadi (Savantvadi State), 
Sirsi and Gersopa 29-\ii-30/3-i-31 

Cooig — Large numbeis from small seepage strc.ams in Mercara (8-1-31) 

Assam — Large numbeis on grass in a small stream joining the large 
one near Pace Course, Shillong, M/15-1-32 large numbers in a small stream 
(seepage) near Margherita, and m the River Lamdang between Mai gherita and 
Ledo, 22-1-32 

Piactically m all the streams in which this species w'as found breeding, 
the water was not verj clean, and the grass blades, as also the larvae and 
pupae of this species, weie covered w-itli a very line muddy deposit The 
watei was usually contaminated with soap w'ashings and flowing close to human 
habitation 

As pointed out already by Edwards (1928), aurcolnilum Brunetti closely 
resembles S divcrsipcs Edwards (1928a), described from Rodriguez According 
to him, aurcolnilum differs fiom the l.attoi mainly in broadei male claspers (styles) 
and also in the more golden and almost umcolorous mesonotal pubescence in both 
sexes 

Dr Edw'ards has very kindly sent me a male and a female of dtvei sipes, collected 
from Natal After a detailed comparison of these tw'o specimens with those of 
aureolnrlum I am unable to find any diffeience in the coloration of the mesonotal 
pubescence in the tw o species The male of diverstpes (from Natal) differs from that 
of aureolnrlum only m having a comparatively longer style which is also compara- 
tively narrow at its base, graduallj widening out distally The females differ only 
m that the spermatheca has no dark browm neck in diversipes, as is invariably 
present in the other species 


Simulium (Eusimuhum) aureum Fbies 

Simulium aureum Fries is common in the whole of the palearctic region extend- 
ing down to the Mediterranean sub-region, and from India it has so far been collected 
only from Simla and the surrounding hills in the western Himalayas Edwards has 
already given brief descriptions of the adults* as well as of the larvse and pupae 
(1921) of this species from England and Petersen (1924) has described them briefly 
from Sweden, but neither of these authors have dealt with the terminalia of the 
female Moreover, as in Nortli-West India this species occurs together with a 
number of other closely allied ones, with which it is apt to get confused, I have 
given below a detailed description of the adults (of 8 auieum) incorporating that 
given by Edwards ° 


* Under S auguslipes 
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FEMALE 

Head blackish grey, with golden pubescence (which is present on the frons as 
well as the face) Antennae black ivith the two basal segments varying from orange 
to reddish Palpi black 

Thorax — Mesonotum dull, blackish grey, densely coveied ivitli a bright some- 
what pale golden pubescence Scutellum biownish black, covered with a golden 
pubescence and has a fringe of long golden haiis Pleui ae bare In some specimens 
mesosternum with a few golden hairs near its lateral ends 

Abdomen brownish black, densely covered with pubescence similar to that 
present on the thorax Tetnnnaha elosel}’- resemble those of ameohitum, differing 
from them only in certain details The short slendei maciosetse on the ventral 
surface of segment 7 are comparative!)^ closely placed in the middle third and often 
have a few somewhat longer setae arising among them The anterior gonopophyses 
extend comparatively much more backwaids and the median gap between the two 
IS in some specimens much smaller than that found in aureolmluhi 

Legs — All femora and tibiae pale yellow with the distal one-fifth or so black, 
the anterior surface of the fore tibiae with a somewhat silvery sheen owing to a silvery 
pubescence Tarsi black except the basal three-foiiiths of the first and the base 
of the second tarsal segment of the hind leg Foie tarsi not flattened, hind basi- 
tarsus not enlarged, parallel-sided All claws v ith a laige blunt basal tooth All 
yellow parts of legs with golden pubescence 

^¥^ngs normal, radius hairy throughout, wing length is about 3 1 miji 
Halteres pale lemon yellow 

Arms of the furca fairly stout, the angle between them not sharply defined 

Spermatheca as in auieohiitum but the neck comparatively shorter 


MALE 

Head — Face with slendei golden hairs , antennae black 

Thoiax — ^hlesoiiotum velvet black, more or less densely covered wath golden 
pubescence, somewhat dark browm in the middle line neai the anterior border 
Scutellum, pleurae and mesosteinum as in female 

Abdomen velvet black, with coarse golden pubescence doi sally Long hairs on 
basal scale golden Genital aunatiiie (Plate I, figs 10-12) resembles to some extent 
that of aureohirlwn The coxites are rather large, broadest about their middle, 
gradually narrowing down distally The styles are only about half as long as the 
coxites, twisted upwards a little above their base, distal end with a somewhat 
hammer-shaped tip and a single spicule The inter-coxal piece has a narrow^, 
somewhat thinly chitimzed base with the pair of apodemes comparatively long 
and stout and a median keel -like process projecting downwards and forwards from 
its ventral surface As in aineoJnrlum this process is densely covered all over 
with long conspicuous setee and in most of the specimens its distal end is 
somewhat swollen The lateral chitinizations of the mesosome and the spines on 
each side of the gemtal opening, are as in auieohiitum Paraprocts inconspicuous, 
cerci large, directed inwards, somewhat conical distally The imbricate rows of 
fine setfe in the region behind the genital opening are comparatively more 
conspicuous 
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Legs brownisli hinck except ilic basnl half of middle and hind tibise which 
are distincth }elloi\ Fore tibiai often appeal silvery on their anteiior surface 
o\Mn" lo pn!e pubc^^cciicc on tlicin Tarsi blackish Hind basitarsus moderately 
enlarged Its gieatcst vidth about its middle is a little less than one-fourth its 
o\Mi length and about 0 73 of the greatest width of the hind tibia?, its length being 
0 7 of th it of the latter Golden hairs on the yellow portions of the legs, the rest 
covered with i fine bl ick pubescence with miinerous long black hairs scattered all 
o\ er 

irin^rs as in female 

For detailed descriptions of pupae and laiva? see Pun (1925), pp 354-56 

Hlatcnal colhctcd — This species has so far been collected from around Simla 
Old} There are 2 males and 3 females in Pusa Museum marked ‘ Simla, x-11 ’ 
and I ha\e bred out a few specimens from isolated pupa? collected from streams 
crossing Sinili-Knlka Poad aboae Kandaghat, 27-v]ii-29, and the stream north 
of Chhota Simla, September 1930 


BnusETTi, E (tail) 
Edwards, 1 W (1913) 
Idem (1920-1) 
Idem (1928) 

Idem (1923(7) 

laem (1931) 

Esderleix, G (1930) 
Peteii«ev, a (1924) 

PiTRi, I M (1925) 
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STUDIES ON INDIAN SIMULIID^ 

Part IX 

8 EQUINUM VAR MEDITERRANEVM PURI AND 
S PAR/EQUINVM SP N 

BY 

I M PURI, M sc (Punjab), ni d (Cantab ), F t s , 

Officer lu-charge, Inquiry on Indian Sinmhidce, Cuhcoides and otJiei 

Blood-Sucling Midges 

{From the Central Research Institute, Kasauh ) 

[Received for publication, December 10, 1932 ] 

The two species described m tins paper are characterized by having the basal 
section of the ladius hairy , front taisi not flattened, tibim without any silvery 
dusting , tip of abdomen of female dull and claws of female simple, without any 
basal tooth According to the classification proposed by Enderlem (1930) these 
species belong to the genus Wilhebnia, sub-family N evermanminix differentiated 
from Simuliince on the cylmdiical (not flattened) front tarsi Owing to the 
presence of the simple claws in the female, Edwards (1923), following Roiibaud’s 
classification, places S equinum m the sub-genus Simuhum separating it from 
Simuhum, S Str , into a separate group Wilhelmia (Enderlem), because of the 
presence of cylindrical fore tarsi m the adult and peculiar respiratory organs in the 
pupa Later, however, Edwards (1931) has again sunk Wilhelmia undei Simuhum 
(S Str ) saying that the amount of widening of the fore tarsi was very variable 
in the different species and it would often be difficult to say whether the 
flattening was present or not 

A detailed study of the adults of equinum and parcequinum has shown that the 
only characters m which they indicate any resemblance to the sub-genus Simuhum, 
so far as the Indian species are eoneerned, are the presence of simple claws m the 
female and in having the vein R 2+3 completely bare above While, on the other 
hand, the presence of well-defined cerci in the male, the general structure of the 
male and female hypopygia and the absence of any teeth or nodules at the 
posterior end of the buccal cavity, the posterior border of winch is complete, isolate 
them completely from the sub-genus Simuhum All these characters indicate their 

( 11 ) 
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close relationsliip to the siih-genus Eusimuhum The claws of the female are veiy 
distinctive and unlike any other in either of the sub-genera Moreover, the epi- 
pharynx in the female and the structure of the median plate-like chitimzation of the 
mesosome, lying dorsal and close to the inter-coxal piece in the male, are markedly 
different from those of any other species belonging to cither of the two sub-genera 
and these three characters coupled with the peculiar respiratory organs of the pupa 
make it advisable to put these species in a separate sub-genus, WtUiehma 
(Enderlein), as originally proposed by Edwards 

The respiratory organs of Simuhum nodos;im (Pun) are no doubt of a somewhat 
similar nature as those in these two species but the flattened fore tarsi, the presence 
of a strong buccopharjmgial armature, claws though simple of moderate size only, 
separate it from the sub-genus WtJhehma 


Svmulium (Wilhelmia) equinum VAR mediterraneum PuRl 

Edwards (1921) first pointed out that the adrdts of S eqinmtm from the 
Mediterranean region differed from the tr’^pe form, common in the British Isles and 
North Europe, in the paler colour of the thoracic pubescence in the female and later 
(Edwards, 1923) drev attention to the fact that their pupae too differed fiom those 
of the tvpe foim The Mediterianean form was subsequently described by me 
(1925) as a distinct vanety — mediteiianeum, from species collected from Redeyef, 
Tunis and El Outay, illgeiia giving a detailed description of the pupa A 
comparison of the specimens of S equinum occurring in North-'West India rvith 
those of the type form collected in England has shown that the former undoubtedly 
belong to the variety meditei'ianeum, differing from the latter mainly in the 
pupal stage 

Edwards (1915) has given brief descriptions of the adults of the type form 
from the British Isles but unfortunately he has not described the female 
hypopygium and that of the male too has not been dealt with in detail As 
another species veiy closely allied to S eqmnum occurs in North-West India, 
differing from the latter mainly in the structure of the genital armature m the 
male and to some extent in the ornamentation of the thorax in the male as well 
as in the female, it seems advisable to give a detailed description of the adults 
of the variety mediierianeum 

FEMALE 

Head dull giej , sparsely covered with somewhat silvery pubescence 
Autemite varying in colour from yellowish or reddish brown to nearly black, 
with the tvo basal segments yellowush to reddish brown Palpi black 

1 Mesonotum dull pale grey, with three narrow, rather ill-defined, 

blackish longitudinal lines, the sub-median pair usually not reaching the anterior 
border, somevliat narrow'od and approximated to each 'other anteriorly, gradually 
broadening out posteriorly and converging a little in the prescutellar region 
u here all the three line'^ meet The whole of the mesonotum sparsely covered with 
a someu hat slender pale pubescence which is more silvery than golden Scutellum 
IS dark grey, densely covered v ith a coarse very pale golden pubescence and a large 
number of long pale golden hairs forming a fringe Pleurm dark grey, with the 
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membrnnous irca bel\A ron the proiliorncic stigma and ilie wing-base covered with 
slender pale golden liairs 

Abdoviiii nearl\ blaek, densely covered with a eo irse pubescence of the same 
colour as on the thorax, long haii s on the black basal scale pale golden Tenmnalia 
(Plate IT fig 1) Short slcndei macrosetm scattered over the ventral nirface of 
segment 7, hnig somewhat closely on the middle fourth Sternitc of segment 8 
fairl> broad shaped as in figure, somewhat depressed in the middle, blender 
macrosctai scattered on most of its suiface, except on the depressed area Anlenoi 
goiW})op]ni<;r<; thinly chitini/ed, somewhit tri mgiilar in =hape, wntli the posterior 
end long, drawn out and ciuled upwards (Plate II, fig 2) Parapiocts, fairly 
strongb chitini7cd, rather laigc with few macroseta- , cerci comparatively 
small 

Legs —All ( oxre and trochanters black , femora and tibiai varv in colour from 
■scllowish black to black, their distal end always black and the base of the tibiai 
ilwajs pale > cllow All taisi black except the basal two-thirds of the first and the 
base of the second tarsal segments of the hind leg which are pale yellow Front 
tarsi c}lindrical, first segment moie than 7 times as long as its greatest width , 
segments 1 and 3 with a pair of long black hairs sub-apically on their posterior 
border Pcdisulcus well marked, calcipala of moderate size All claws simple 
(Plate II, fig 3), much larger as compared to the size of the insect All legs 
with sparse pale golden pubescence not as well marked on the tarsi as on the 
rest of the leg 

normal, hyaline, radius hairy throughout Kadial sector simple, concave 
vein, bearing setai only on its under-surface and none above Wing length varies 
from 2 0 mm to 2 9 mm In specimens collected during the summer (June) 
from South aziristan (N F Province) the average length is 2 1 mm , 
wdiile 111 those collected during November from around Raw'alpmdi (Punjab) 
it is 2 8 mm 

Halteres pale lemon yellow 

Buccal cavity without nodules or teeth on its ventral or dorsal surface Its 
posterior border smooth and more oi less straight Epipharynx (Plate II, fig 4) 
with a long chitimzation broadening out posteriorly on its ventral surface, and 
bearing a number of fine chitiiious spicules in a patch near its posterior end Arms 
of the furca rather slender, their posterior end fixed on each side to a large triangular 
chitimzation Spermathcca single, globular, dark brown, the area round the 
origm of the duct, colourless 


MALE 

Head — Face dark grey with creamy silvery pubescence Antennse black, 
with the two basal segments yellowish black 

Thorax — Mesonotum more or less velvet black, its anterior one-third, except 
for a moderately narrow middle portion, appearing dull pale giey when viewed from 
in front Some specimens show three narrow, ill-defined, pale grey longitudinal 
lines on the anterior two-thirds of the mesonotum The whole of the mesonotum 
covered with pale golden pubescence, denser and paler on the anterior greyish portion 
and m front of the scutellum Scutellum dull black, covered with coarse pale 
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golden pubescence and having a fringe of long similar coloured hairs Membranous 
area of the pleurae with slendei haiis as in the female 

Abdomen velvet black, sparselv covered with fine pale golden hairs and with 
clusters of longer ones laterally on segments 3-5 The usual silvery spots present 
on segments 2 and 5-7 but they are somewhat greyish Genital aimalure (Plate JI, 
fig 5) Coxites very large gradually narrowing distally Styles arising sub-ter- 
minally, small, narrow, somewhat crrrved, directed upwards and forwards rvhen 
at rest Each bears a single, broad papilla-hke spicule at its narrow distal end 
(Plate II, fig 6) The inter-coxal piece is of the shape of a w'lde V, the limbs 
rather broad and ending in fairlv stout apodemes, the tip of the angle slightly 
bent dowurwards and a little forwaids and bearing on it a number of conspicuous 
slender setae, a lew present also on its ventral surface The median plate lying 
above and ending close to the inter-coxal piece is fairl)’^ strongly chitinized, rather 
short and moderately broad, its posterior end modified into a pair of thickened 
knobs bearing strong teeth (Plate II, fig 7) The lateral chitinizations of the 
mesosome narrow', ribbon-like A cluster of spines present on each side in the 
region of the genital opening, but all the spines, unlike those found in the sub- 
genus Stmuhum, arise from a single (rounded) plate-lilce structure The area 
betw'een the genital opening and the posterior end of the median plate is studded 
with fairly strong short chitmous spicules Paiaprocts inconspicuous , cerci well 
marked, somewhat narrow'ed distallv 

Legs black, knees narrowly yellowush, basal two-thirds to three-fourths of first 
and the base of the second tarsal segment of the hind leg pale yellow' (the rest of 
tarsi black) Front tarsi cylindrical Hind basitaisus not enlarged, parallel-sided, 
narrow It is about three-fourths as long as the hind tibia and about 7 times its 
own width which is nearly half that of its tibia All the legs w'lth a coarse pale 
golden pubescence 

Wings as in female 

'pupa 

The pupa of this variety has already been described in detail The trichomes 
are short and simple , disc-like tubercles are very minute and few in number Rows 
of cuticular spine on the dorsal surface of abdomen are absent The pair of sub- 
terminal spines very small, usually absent Pairs of hook-like spines on ventral 
surface of abdomen \ery strong on segments 6 and 7 but less so on segment 5 , seg- 
ment 4 only occasionally bears a small more or less stronsly chitinized sensory 
hair 

The main difference between this variety and the type form lies in the structure 
of the respiratory organs which are in the form of thin walled tubes From its 
origin the organ extends upwards and downwards as a broad tube lying entirely m 
contact with the pupa on the one side and rvith the thickened iim ot the cocoon on 
the outer Unlike the condition found in the type form the dorsal and the ventral 
ends of this basal section narrow' down gradually and are continued along the ends 
of the basal section of the opposite side thus forming a complete circle on the dorso- 
anterior surface of the pupa From the middle of this basal section are given off 
6 long, somew hat slender minor branches, three from the internal and three from the 
dorso-external surface They arise more or less close together, the lowermost and 
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also <lic longest of the outei tluec often arising a little apart from the others, all 
spieading out clistallj The bases of these minor branches show a somewhat ringed 
appearance 

Cocoon resembles (h it of the tj pc form somewhat boot-shaped, 3 7 mm X 1 6 
mm 111 sire 

Ti VEYA 

The larva of Ihe v.irieti resembles that of the t} pe species and has already been 
described in detail'^ In the specimens collected from India the usual dark spots 
on the head are present but often not sharpl)' defined 

DISTRIBUTION 

I have bred out a large number (over 100) of specimens, both mares and 
females, from isolated pupae collected from the following places — 

A large number of Ian ae and pupae on submerged grass blades in a large irriga- 
tion channel on the road betv een Sarw akai and J andoln , South W aziristan, N -W E 
Province (30-V-1928) , on grass in Ghagar stream, near Pmjaiir, Patiala State 
(G-iv-30) , Jarge numbers on grass blades m Ri\er Leh, a stream near Khanna and 
on stones m Riycr Sohan, all near Rawalpindi (Punjab) (10/15-xi-30) 

A few specimens verc bred out by Colonel Sir Rickard Chiistophers, c i e , 
OBE, TRS, IMS, from pupce collected from a stream near Prang, Kashmere 
(September 1930) 


Simulium (Wilheinna) parsequinum SP N 

This species closely resembles S equimm var mediterraneum difienng from 
the latter only in certain details which alone have been given below , (the main 
difference in the two lies in the structure of the male genital armature) 

FEMALE * 

The frons is dull grey with a narrow median ill-defined dark line dividing it 
into two The thoracic pubescence is comparatively sparse and the blackish 
lines much better developed than in (S equmum The sub-median lines reach 
the anterior border, each ending anteriorly in a broad dark spot The 
hypopygium closely resembles that m the other species except that the sternite 
of segment 8 is comparatively poorly chitini?ed and its outline is not as well 
defined as in the latter 


MALE 

The mesonotum is dull black and usually does not show any greyness in the 
antero-lateral regions The pubescence is golden instead of pale golden or nearly 
silvery as found m var mediterraneum 


* See pp 356 67, and Text figure 18 (Pun, 1926o) 
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Genital aimntwe shows certain amount of resemblance to that described for 
S se) genii Edwards The coxites (Plate II, fig 8) are comparatively large somewhat 
rounded distally The styles are placed much further from the tip of the coxites 
and are nariow, curved upwards, their distal end somewhat truncate (Plate II, fig 9), 
the papilla-like spicule is much smaller and is sub-terminal in origin I'he inter-coxal 
piece (Plate IT, fig 10) is comparatively stout, somewhat U-shaped, nith the bottom 
much broader than the arms, its ventral surface beaiing a large number of conspicuous 
sette in the posterioi region The median plate (Plate 11, figs 10 and 11) has a 
peculiar form, lies above the inter-coxal piece and is moderately broad Posteriorly 
it IS somewhat notched bearing a large number of teeth on its two lounded ends 
From the middle of the posteiior border of the median plate arises a strongly 
chitinized deeply grooved projection, directed upwards and a little backwards, the 
like of which I have not seen in any other species so far The spines forming a 
cluster on each, side of the genital opening arise from an elongated plate (Plate II, 
fig 12), one spine near the anterioi end being comparatively very long 

Ncithei the larvae nor the pupa appear to have any noticeable distinction from 
those of S equinnm var meditenanenm 

Described from a large number of males and females (over 200) all in good 
condition and bred out of isolated pupm collected from a large stream at A^hh 
neai Hasanabdal (Distiict Campbell pore), Punjab (ll-xi-30) 

Types and paratypes in my own collection 


Edwahhs, F W (191S) 
Idem (1920-1) 

Idem (1923) 

Idem (1931) 

Enderleix, G (1930) 
Puri, I A1 (1925) 

Idem (1925a) 
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A PROTEOLYTIC ENZYME IN CUCUMBER {GUGUMIS 

SATIVUS) 

BY 

Lieut -Colonel R N CHOPRA, m a , m d (Cantab ), i m s , 

r 

AND 

A C ROY, M sc 

{From the Deparlvient of Pharmacology, Calcutta School of Tropical Medicine ) 
Indigenous Drugs Series No 40 

[Received for publication, December 28, 1932 ] 

Cucumber is one of the commonest of fruits and is said to have been cultivated 
in India for about tliree thousand years It i& extensively used for edible purposes 
and religious ceremonies and certain parts of this plant have been largely used in 
medicine The leaves, boiled and mixed with powdered cumin seeds, are admmis- 
tered in throat affections The seeds, powdered and mixed with sugar, are believed 
to have powerful diuretic properties and are sold in the bazaais of Upper India 
under the name of ‘ tuklimi-khiyaram ’ In febrile conditions the soles of feet are 
rubbed with cucumber In sunstroke pieces of cucumber are put in the bed with 
the idea that inhalation of the emanations from the fruit will cool down the heat 
of the body According to Atkinson the ]uice is said ‘ to banish wood lice and fish- 
msects by strewing freshly cut thin slices in their haunts ’ 

"We took up the investigation of this fruit on account of the popular belief 
in northern India that eating of cucumber is associated with attacks of cholera 
Many of the severe and fatal type of cases are said to have occurred in those who 
have eaten cucumber previously In other parts of the country this fruit is said to 
help digestion if taken after meals These facts led us to investigate the possibility 
of cucumber contaimng certain enzymes which might be responsible for these effects 
The pioneer work of Vines has shown that erepsins are widely distributed in the 
plant kingdom Out of a variety of materials — -fruits, leaves, stems, bulbs, tubers, 
etc — studied by Vines, only a few failed to show ereptic activity 

The proteolytic enzyme of Oucumis melo w^as studied by Hou and Chen 
(1927) Ambros and Harteueck (1929) mention the presence of a protease 
m Cucumis sativus and classified the plant proteases obtained from various 
sources into distinct types 

J, MR ( 17 ) 2 
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A Pioteohjkc Enzyme in Cncvmhei (Ciicuinis sativiis) 


Preparation of the eriptic solution iroai cucumefr 

The fiuits used were those giown m August and September m India and, unless 
otherwise mentioned, fresh matnic fmits i\eie used for these experiments The 
skin was first removed and the fruit vas cut in thin slices, thoroughh macerated 
m a porcelain moitar and the lesulting pulp was squeezed through linen The 
]uice thus obtained was then filtered through cotton-uool 

The 3Uice of the matin e fruit v as acid in icaetion 10 c c of the ]Uice requiring 
Icc tol2cc of N/10 NaOH to neutralize the acidity, vith phenolphthalein as 
an indicator 

Attempts to concentrate and puiih the enzyme b\ adsoi-ption with kaolin 
and alumina and also precipitation nith acetone pioied ineffective IVe had 
therefore to perform our expeiiments with the expressed juice The juice obtained 
from difierent fruits vaiied somevhat as regards their proteoljdic action, so proper 
controls were run with each 


Digesiion op 'Witte’s peptone 

A 5 pel cent solution of Witte’s peptone in ] per cent saline vas used as the 
substrate , 10 c c of the juice was mixed with 10 c e of the peptone solution and the 
volume made up to 21 cc with the addition of distillecl vatei Digestion was 
carried on at 39°C -40°C foi 21 houis Toluene vas used as a preservative m this 
and other subsequent experiments The extent of digestion was measured by the 
Van Slyke’s amino-nitiogen estimation method and also by the depth of coloui as 
obtained by the bromine-water test foi tryptophane 


Table I 


Mark 
on tlie 
tubes 

Expeninenta 

1 

Tempo nitnro 
and duration 
of incubiifion 

Jig of NHo — 
nilrogen per 
c c of the 
miNtiirc 

Tryptophane 

test 

1 

10 c c pex^tone solution + 10 c c juice 
+ Icc H„0 

21 hours at 
30"C -lO^C 

1 04 

Strong 

O 

Do + 10 c c toiled juice 

d- 1 c c H.O 

Do 

! 

0 78 ' 

Negative 


It will appear from Table I that the juice of Cucnims satiws contains a 
fairly strong protease which breaks down Witte’s peptone into tiyptophane and 
other amino-acids 


Cucumber protease is of ereptic nature 

Inability to digest fibrin and the power to split off tryptophane from Witte s 
peptone was considered by Vines as a criterion for judging the ereptic properties of 
a particular material Accoidingly, fibrin washed frL from blood with normal 
saline and also Merck s fibim ft om blood stained with Congo Bed were allowed 


the tubes 
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to digest with cucumber juice, acid or allcali being added as indicated in 
Table II Digestions were carried on at 39°C -lO^C for six days 


Table II 


Mark 
oil the 
tubes 

Experiments 

Temperature 
and duration 
of incubation 

Tryptophane 

test 

1 

A small flocl of fibrin -f 5 c c juice ! 

1 

Six dajs at 
39°C -40'’C 

Negative 

2 

Do -4- 5 c c boiled puce 

Do 

Do 

3 

Do + 5 c c juice + 0 'i e c N/10 HCl 

Do 

Do 

4 

Do -p do + 05cc N/IO NaOH 

Do 

Do 

6 

Congo Red fibrin + 5 o c juice 

Do 

Do 


No digestion of the fibrin was observed in any of the tubes This shows that 
the protease in the cucumber juice is ereptic in nature 

Optimum reaction of the medium 

The following experiments were done to determine under what conditions of 
acidity or alkalinity the enzyme has the optimum activity — 


Table III 


1 

2 

5 
4 

6 
6 

7 

8 



Experiments 

Temperature 
and duration 
of incubation 

Initial 

pH 

of the 
mixture 

Mg ofNHj— 
Nitrogen per 
c c of the 
mixture 

10 0 c peptone solution + 10 

c e juice + 1 c 0 HjO 

Done imme 
diately after 
mixing 

68 

0 74 

Do 

+ 

do 

+ do 

21 hours at 
39°C -40'’C 

68 

1 01 

Do 

+ 

do 

+ Ice N/10 HCl 

Do 

68 

1 13 

Do 

+ 

do 

+ 1 c c N/1 HCl 

Do 

30 

0 95 

Do 

+ 

do 

+ 1 c 0 N/5 citric 
acid 

Do 

66 

1 11 

Do 

+ 

do 

+ Icc N/10 NaOH 

Do 

74 

0 97 

Do 

+ 

do 

+ 1 c 0 N/10 NaXO, 

Do 

72 

0 95 

Do 

+ 

do 

+ 1 c c HCN (B P 
dll 2 per cent solution) 

Do 

5 4 

1 12 


Trj ptophane 
test 


Negative 


Strong 

Verj strong 

Faint lilt 
distinct 
Very strong 

Almost the 
samgi as 
No 4 
Do 

Very strong 
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the tubes 


20 A Pioteohjilc Enzyme 'in Cncmnbei (Cucumis sativus) 

It will be seen fiom Table III that cucumber cropsin acts best in a sliglitly 
acid mediiini Tlie optimum actiMty appears to he hct\\een pH 5 'i to pH 62 
A fauly strong acid icaction on the otlici liand inhibits its actuity consicicrably 
A faintl)’’ alkaline reaction lias the same effect as adding excess of acid 

Optimum tumpeuaiupl 

Cucumber erepsiii lias been found to manifest its imMmum actuity at 
39°C -4:0°C Temperatures liiglier oi louci than this have tlic effeet of 
retarding tire activity 

Digestion oi casein 

Plant erepsins are not usuall> considered as capable of hvdro]}sing casein like 
animal erepsins But it will bo apparent from the follov ing experiments that cu- 
cumber erepsm hke ‘ cabbage ercpsrn ’ (Blood, tOlO-lbtl) docs hydrolyse casern — 

The casein solution was prepared b) rubbing up in a mortar 4 g of casein 
with 30 0 e of N/10 NaOH, diluting this to 120 cc with distilled water and 
finally filtering through cotton-w'ool 


1 


O 


4 


Table IV 


Experiments 

Tem])crntiirc 
nnd dnnition 
of incuoutioii 

Mp ofNH„— 
Nitrogen per 
c c of the 
mixture 

Trj ptophaue 
test 

10 0 c ca«ein solution+ 10 c c nuce4- Icc H^O 

Done mime 
dinteh after 
iinxing 

1 , 

0 35 

Negative 

Do 

-f do 

1 

+ 1 c c H^O 

Ene dajs at 
SO^C -40°C 

0 C4 

Strong 

Do 

-p do 

4- 1 c c N/10 HCl 

Do 

0 78 

Stronger than 
No 2 

Do 

+ do 

-flee 2 per 
cent HCN 

(B P dll) 

1 

Do 

1 

\ 

0 79 

, 

Almost the 

same as No 3 


\ Liquefaction of gelatine 

Cucumber ereps^^has the property of hquefyine gelatine A 5 per cent melted 
ge atme eoutammg 0 Pmer cent thymol was used as the substrate To 2 c c of the 
gelatine solution amounts of cucumber jruce as indicated in Table V were added, 
Qfton made up to 4 xc c m each case with distilled water and incubated at 

oy L/ ”^u V w 
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Table V 


Mark 
on the 
tubes 

c c gclntino 
solution taken 

c c cucuinber 
juico added 

cc H„0 
added 

1 

20 

03 

1 7 

2 

20 

03 

1 5 

3 

2 0 

1 0 

1 0 

4 

2 0 

1 20 


5 1 

20 1 

1 

2 


After incubation at 39''C -^lO^C for 21 bouts, only No 4 remained liquid 
on cooling but after 72 houis’ incubation all the tubes excepting No 1 and 
No 5 failed to solidify on cooling 

Eeknetic activity 

The question whether rennetic activity is due to the existence of a distinct 
enzyme or is merely the first stage of the manifestation of proteolytic action is not 
still quite settled, but it appears from the following (Table VI) experiments that 
the cucumber juice possesses the power of clotting milk as well 

Unboiled milk freed from fat with chloroform and kept in the cold storage for 
about a week was used The milk was amphoteric in nature when the experi- 
ments were started The cucumber juice was carefully neutralized before it was 
mixed with the milk 

Table YI 


Stark 
on the 
tubes 

Experiments 

Temperature 
of incubation 

1 

2 c c milk + 0 3 c c juice + 1 7 c c H_0 

39°C -40°C 

2 

Do + 0 5 c c juice + 1 5 c c HjO 

Do 

3 

I)o -r 0 7 c c juice -f- 1 3 c c H O 

Do 

4 

Do -j- 1 0 c c juice + 1 0 c c H_0 

Do 

o 

Do + 2 0 c c juice 

Do 


There was no sign of clotting in anv of the tubes within six hours The tubes 
were therefore left m the incubator overnight After incubation for 22 hours 
Nos 5, 4 and 3 were found to have clotted almost completely After 48 hours 
there was clotting in No 2 also The tubes were left m the incubator with the 
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addition of fresh toluene from time to time but no ti}ptophane could be detected 
even in No 5 after a w eck’s digestion 

Activation uitii IlCN 

The activity of the cucumbei eicptasc i*? much enhnneed b} the addition of 
HCN but it IS doubtful vhether this activation is specific for hAdroc}anic arid or 
it IS merely due to the acid reaction On i efei ring to Table III it v ill be seen that 
1 c c of N/10 HCl or 1 c c of N/5 citi ic acid actu ated it to almost the same extent 
These experiments were repeated se\cial times but in no case could ue find any 
specific activation vith HCN both qualitative!}’’ and quantitatn cl} 

The mesocabp and the endocaep 

In order to see uhethci the crcptic cn7}mc is uniformly distiibiitcd or 
difiers in activitv in the difieient parts of the fruit, the ]uicc ■v\as expressed 
separately from the mesocaip as veil as fioin the endocarp of the same fiuit 
and the relative activity of these u as tested on itte’s peptone solution, casein 
solution, etc 

The results of the digestion of peptone solution only arc given in Table "NHI 


Table VII 


Mark 
on the 
tubes 

Experiments 

Tomiierature 
and ])criod 
ofincnhalion 

Mr ofXHj— 
Nitrogen jicr 
c c of the 
mixture 

Tr\ ptophane 
test 

A 

10 c c peptone solution + 10 c c juice 

Done immc 

0 85 

Negative 


+ 1 cc N/IOHC! 

dinlclj 



A, 

Do 

21 hours at 

1 07 

Strong 



-40°C 



B 

10 c c peptone solution + 10 c c juice 

Done imme 

0 87 

Negative 


+ 1 cc N/IOHCT 

dinteh 



Do 

21 hour-> at 

091 

Eaint 



39°C -40°G 




A jmee e\pressed from the endocarp B =- juice from the mesocarp 


^ indicate that the ereptic activity of the endocarp is decidedly greater 

an la 0 le mesocarp and tins difference in activity is noticeable also as regards 
digestion of casein solution, leiinetic activity and the liquefaction of gelatine 


Mature and immature eruits 

iiin of these experiments immature fruits were sometimes used and as 

s , a ov er amino-acid value on digestion with peptone and gave a fainter 
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ti3ptophane test tliaii was usual ■with mature fruits, the effect of the degree of 
maturit) on the ercptic activity u as studied It was found that the activity of 
erepsin in mature cucumber is greatei than either of that in immature or ripe fruits 
as ]udged both from Van Sljke figures and intensity of the tryptophane colora- 
tion 

The fruits in nhich the seeds have hardened but the skin has not asbumed 
that rust} brown colour and cracked appearance are regarded as mature 

Erepsins are stated to have their optimum actnuty ih a slightly alkaline reac- 
tion (pH about 7 8) Cucumber ciepsin behaves differently in this respect in 
requiiing a slightly acid reaction for its maximum activiiy During an epidemic of 
cholera people are afraid of tukmg cucumber as they believe that its use wdl make 
them susceptible to the disease, and m a number of severe cases of cholera a definite 
liistoi j of the patient having ingested cucumber previous to the attack was obtained 
We do not of course attribute the attack of cholera to the use of cucumber alone but 
there seems to be some relationship between the two In the light of the existence 
of a fairlj' strong ereptic en^j me in cucumber it may be suggested as an explanation 
that this enz)Tne probabl) reinforces the proteolytic activity of cholera vibrio 
breaking doivn the proteoses and peptones formed from the intestinal epithelium 
with the production of increased amounts of toxins Cucumber is also known to 
help digestion if taken after meals Since this enzyme can act m an acid medium 
it can carr}'’ the digestion of the proteins to the amino-acid stage even in the stomach 
which peptic digestion alone cannot accomplish 

SUMMAPY AND CONCLUSIONS 

1 A fairly strong ereptic enzyme is present in cucumber which hydrolyses 
AVitte’s peptone and casein with the formation of trj^ptophane It has also the 
property of liquefying gelatine and clotting milk but it has no action on fibrin 

2 This enzyme acts best in a slightty acid solution (pH 5 4 to 6 2) but a fairly 
strong acid reaction or a slightly alkaline reaction retards its activity considerably 

3 The endocarp has a higher concentration of the enzyme than the mesocarp 

4 The enzymatic activity is stronger in the mature fruits m which the seeds 
have hardened than m the immature or ripe ones 

5 Hydrocyanic acid activates this enzyme considerably but this action does 
not appear to be specific as in the case of papain or bromelm, as it is activated to 
almost the same extent by dilute HCl or citric acid 

6 An explanation of why ingestion of cucumber prior to an attack of cholera 
increases its vnulence and why it helps digestion if taken after meals has been 
suggested 
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Napier (1924) has shown that the buffer action of the blood from kala-azar 
patients is lower than that of the blood from normal persons The method employed 
in the determination of pH values is a combination and modification of the 
colorimetric methods suggested bj Dale and Evans (1920) and Evers (1921) 
An appreciable portion of the acid added was probably adsorbed by the red blood 
corpuscles (Christophers 1929) and this part of the acid had therefore obviously 
no share m bringing about the change of pH of the plasma Moreover, it is unlikely 
that normal and pathological red blood corpuscles would adsorb hydrochloric acid 
to the same extent In view of these considerations it would be of interest to study 
in a comparative way the buffer action of noimal and kala-azar sera Incidentally 
the buffer action of syphilitic and leprotic sera has also been determined 

• 

Experimental 

The pH value of the serum has been determined by the hydroquinhydrone 
electrode as developed by Biilmann and Lund (1921) These authors recommend 
0 1 g of quinhydroue and 1 g of hydroquinone (qumol) for 15 c c of the fluid The 
platinum wire of the electrode must be almost completely immersed in the precipitate, 
the reaction m such an electrode consists in the transformation of stable quinhydron^ 
into stable qumol 


{ 26 ) 
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The e m f of the chain 

Pt/qumol, quinhydione, solution A/KCl/solution A/Ho/Pt, according to 
Biilmann and Lund is equal to 0 6179 volts at 18°C Tlio c m f of the same deter- 
mined by ns at the room temperature (26°C to 27°C ) is 0 6174 volts The pH value 
of the unknown solution can thus be determined fiom the formula 

E + 0 3734 
“ 0 059 

wheie E is the e m f of the chain 

Hg/Hg 2 Cl 2 /Sat KCl/Sat KCl/soln , quinln drone quinol/Pt, 
and T is the absolute temperatuie, and taking 0 244 volts at the same temperature 
to be the e m f of the chain, 

Hg/Hg 2 Cl 2 /Sat KCl/Sat KCl/HCl (H ion cone =1 A^) Ho/Pt uhen readings 
were taken at other temperatures, coircsponding changes in the values dependent 
on T were done 

One and a half to three c c of plu siological salt solution w as poured into a small 
electrode vessel and a mixtuic of dry quinh) drone and quinol in quantities more or 
less such as has been mentioned above vas added , the contents of the vessel vere 
stirred and then 1 5 c c of serum was added, i c , diluted from 1 1 to 1 2 and 

then the contents of the vessel were stiried again, and the potential of this chain v as 
read The pH value calculated from tins c m f has then been corrected by 
an amount ^pH, 

where ^pH = 0 24x 2P^~"“0 21, as suggested by Grossmann (1927) The 
results are given in Tables I to IV 


Table I 


Normal peisons 


Pure serum 

pH VALur 

0 6 c c 

serum +0 4 c c 

0 01 N HCl 

0 4 c c 

serum + 0 6 c c 

0 01 I\r HCl 

7 26 

6 97 

6 75 

7 28 

6 98 

6 70 

7 35 

7 05 

6 80 

7 38 

7 07 

6 86 

7 32 

6 99 

6 70 

7 37 

6 99 


7 39 

6 07 

6 86 

7 34 

6 95 

6 78 

7 33 

6 98 

6 84 

7 27 

6 94 

6 79 

^rean 7 329 

6 98 

6 814 


Table II 


Kala-cizar 



pH -SALVE 

Pure serum 

0 6 e C 

0 4 c c 


serum 4-0 4 c c 

seriim-j-O 6 c c 


ooiVhci 

0 01 'N HCl 

7 43 

6 89 

6 65 

7 34 

6 96 

6 66 

7 37 

6 90 

6 65 

7 37 

6 98 

6 70 

7 45 

7 02 

6 57 

7 31 

6 90 

6 63 

7 20 

6 89 

6 68 

7 20 

6 83 

6 65 

7 37 

6 90 

6 67 

7 34 

6 88 

6 63 

Mean 7 34 

6 91 

6 64 
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Tole III Table IV 

Lepi Obij Syphilis 


Pure serum 

1 

1 

1 

pH \AnuE 

Pure serum 

pH VALUE 

0 0 c c 

scrum -pO 4 c c 

0 01 N HCl 

0 4 c c 

senim-(-0 6 c c 

0 01 iV HCl 

1 

0 6 c 0 

seruiu-f 0 4 c c 

0 01 HCl 

0 4 0 0 

serum -fO 6 c c 

0 01 IV HCl 

7 IS 1 

0 97 

0 S8 

7 29 

6 85 

6 62 

7 U 

7 10 

0 89 

7 SO 

0 83 


7 10 

i 6 05 

0 82 

7 3S 

6 79 

b62 

7 40 

7 12 

0 91 

7 28 

6 94 

6 70 

7 47 

7 10 

0 88 

7 21 

6 83 

6 68 

7 3S 

.) 94 

0 81 

7 32 

7 00 

6 72 

7 44 

7 09 

0 90 

7 35 

6 94 

6 71 

7 42 

7 10 

0 88 

7 40 

6 99 

6 78 

7 44 

7 1 ! 

0 92 

7 46 

7 01 

6 85 

7 4S 

7 in 

1 

6 95 

7 38 

6 95 

1 

6 81 

Meaii 7 42 

1 7 069 

6 88 

Mean 7 S31 

6 88 

1 

6 71 


Discussion 

From an analysis of these results and comparing them with those of 
Napier’s, it is evident that a much greater quantity of hydiochloric acid (about 
25 per cent N/10 HCl) is required to produce an equal amount of change in the 
pH value of whole blood than that required for serum alone (about 6 per cent 
N/10 HCl) It IS therefore probable that an appreciable amount of the acid 
added was adsorbed by the red blood corpuscles and this amount had no share 
in bringing about the equilibrium between the hydrogen ion concentration of 
the whole blood and the dialysate 

Next comparing the changes produced by the same amount of hydrochloric acid 
with different sera we see that the buffer action of the pathological sera we ha\e 
studied (kala-azar, ayphilis, leprosy) is appreciably diminished and that the change 
IS most marked in the case of kala-azar serum, a result in agreement with that of 
Napiei’s From those data as well as those gathered on viscosity and surface tension 
(Chopra and Chaudhury, 1928 , 1929a , 19296) it would appear that pathological 
sera are generally characterized by higher viscosity, lower surface tension, and 
dimimshed buffer action 

A tentative suggestion for this diminution of buffer action in all pathological 
sera might be put forward in view of our results on the iso-electric points of at least 
one of the component proteins in the serum from the blood of kala-azar patients 
Our observations on the gelation of kala-azar serum with formalin (Chopra and 
Chaudhury, loc cit ) have shown that the iso-electric point of the gel-protem is at a 
pH of 7 Thus the serum with more of gel-protem will lose more of its power to 
neutralize acids and bases This suggestion not only explains the loss of the power 
of kala-azar blood to neutralize acids and bases but also points strongly ^ the 
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coirectness of our previous proposition that Lala-a/ar seium contains a new 
protein — a gel-piotem witli iso-electric point at near nhoiit 7 


Summary and conclusions 

It has been shown that the buller action of different patliological sera is dimin- 
ished and that the change in leala-a/ar 1-5 ino'^t niarlvcd 

These results can be satisfactoiily explained on tlic basis of llie \ leu that there 
IS a gel-protein present in kala-azai seium whose iso-clcctric point is near about 7 
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Introduction 

The Indian Plague Commission (1910) was the first authority to suggest that 
bubomc-plague epidemics are usually (though not always) lighted up from the 
smouldering embers of an infection the flames of which had not been quite quenched 
during the preceding epidemic season, in other words lighted up from a smouldering 
subterranean rat-enzootic'’" The Commission termed the phenomenon ‘ carrying- 
over ’ 

As, however, it was observed that only a small proportion of villages infected 
in any year ‘ carried-over ’ to the next. Greenwood (1910 , 1911) attempted to 

* Recent work calls into question this hypothesis, but the attempted expression in this paper 
of the oouditions under which ‘ carrying over ’ occurs is not prejudiced by any consideration of the 
actual mechanism that is at play 

( 29 ) 
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evaluate the factors conceinccl in the fiequcnc} vith vlnch tho} did so, and con- 
cluded that it was mainly an affaii of laige villages 

Thenthephenomenonwas studied at Poona h} Kunhardtand Cliitre (]921)vho, 
by investigating particularly the ‘ budges oi places iccoi ding plague continuously 
throughout an ‘ off-season ’ (foi definition of this term s(c p 3G), concluded that 
it would be possible to predict uith accuiaty whether a place had an> chance of 
cariymg-ovei, and that chance vas a function of its population and its date of 
‘ ‘pnmmy infection ’ As foi the districts around Poona the chances i\erc stated 
to be as given in Table I — 

Table I 

Kunhaidt’s foinnda foi the jiiediction of canying-oier 
Theie is some chance of cariying-over m a place — 


(1 population 
of o\er 

and pnmnrih infected 
b\ the beginning of 

2o,000 

Xo\ ember 

10,000 

December 

4,000 

.Innunn 

1,800 

Felirnnrv 

800 

Marcli 

0 

April 


^ Now in this connection it is necessary to have a clear idea of the meaning of 
the primary infection ’ It may be defined as the first human case dependent on a 
local rat-epizootic an imported human case not caused by a local lat-epizootic 
would not be called a ‘ primary infection ’ , it might be called a contingent infection 
One must make the distinction as the two types exemplified have different epidemio- 
logical consequences In the former case we presume a subterranean epizootic, 
in the latter this develops, if at all, much later, so that the consequential epidemic 
IS also much later 

The hypothesis outlined above was subsequentlv applied by Kiinhardt 
and Chitre to the practice of plague prevention, the operations being 
confined to the so-predicted carrying-over villages It was believed that if plague 
could be eradicated in a matter of, say, 20 to 30 of such foci the resurgence of the 
great district epidemics of the Bombay Presidency would also be to a great extent, 
if not entirely, prevented The great economy of such a plan over the usual practice 
of attempting to sterilize all places that had become infected during a year on the 
^assumption that any might carry-over, can easily be realized 

The Indian Plague Commission, however, thought that carrying-over was 
responsible only for some plague-epidemics Another way in which an epidemic 
might arise m a previously sterile area was shown to be from the importation, or 
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purch adventitious intiodiiction, of infection, the Indian gram-trade being, with 
reason, chiefly blamed foi this happening 

Such doctimcs vcrc the principles of the scheme named the Belgaum and 
Dlnrvsar Distiicts Plague Operations that wcie devised by the late Lieut -Colonel 
F G Hutchinson, c i c , i m s , as Public Health Commissioner with the Govern- 
ment of India, and Lieut -Colonel A\ O’S Murphy, i M s , Director of Public Health, 
the Government of Bombay, and placed in the vTiter’s charge 

The \er\ cbscncc of this scheme closely followed Kunhardt and Chitre 
vlnch, as stated above, staked all on ‘ cariying-ovei ’ being almost entirely 
responsible for the recrudescence of the annual epidemics, though some provision 
n as also made for the prea ention of ‘ importation ’ into the larger giain centres A 
great effort nas to be made, after maiking down by Kunhardt’s formula the places 
likely to carrj-over, to stamp out the disease in them during the off-season for 
if but one place eluded these efforts the plan would fail, such a single focus m the 
plague-season being able to do practically as much barm as a numbei in fact 
nothing n ould do but complete success as Di Fabian Hirst (in litt ) has remarked, 

‘ it 13 obvious tint if failure ensues in a single place it u ill cause the breakdown of 
the n hole scheme ’ 

It is not the purpose of the wiitei heie to question the validity of the carrying- 
over theory , foi the purpose of the following report he postulates its truth ]ust as 
it must have been accepted by the authorities of the Governments concerned nho 
drew up the scheme The validity of Kunhardt’s formula as such is similarly not 
called into question It suffices tint for the purposes of the operations the theory 
was thought to uaiiant the sanction of a practical trial, such as that here being 
discussed 

However, when the operations came to be conducted it was found that judging 
the ejndemtcs by the same standaids (whether these were right or wrong) as they 
had been judged b) Kunhardt in the Poona Districts, Ins formula was inadequate* 
for the purpose in view For instance, the following records of plague-incidence 
(Table II) showed tliat certain places carried-over, although by the formula they 
would not have been predicted to do so — 


Table II 


Place infected 

Taluka 

Commencement of 
infection 

Population 

Sequel 

Sampgaon 

Sampgaon 

January 1917 

2,885 

Carried over 

Manoli 

Khanapur 

February 1917 

910 ' 

Gamed over 

Aaoge 

Khanapur 

February 1916 

360 

Carried o\er 


♦ Vtde the wnter’s Beport on the Plague Operations m BeJgaum and Dhaniar Districts for 1920 
Bombay Government Printing Press, Poona (1922) (Strickland, 1922), on place'! which had ‘ not been 
marked doiSTi as likelj to carrj over but which nevertheless developed reinfection due probablv to 
carrying over ’ (page 11) 
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The realization occasioned hy such cases was the niainspnnp of this ‘ analysis 
of seven yeais epidemics of plague in the Belganm and Dliamar Districts ’ vhicli it 
was hoped would leveal the exact circumstances under nhich canying-over in 
these districts docs take place, for without siicli knowledge of course \sc could 
not, as stated above, hope to succeed 

Incidentally the inquuy led to conclusions cognate to the mam thesis on matters 
which were of practical importance The subjects dealt vith will be discussed 
undei the following headings — 

A Prediction of earn ing-ovcr 
B Probabdity of importation 
C The phases of the plague-yeai 
D Variations in plague-incidence m the rwo districts 


Maioial foi the analysis and its interpretation 


The materials used for the analysis were taken from the records of plagiie- 
mcidence entered in the office of the Dircctoi of Public Health, the Government of 
Bombay, fiom Pebruar)'^ 191.3 to June 1920, and related to the infection of 2,520 
villages w ith a population of less than 3,001 

These records showed in the form such as is attached in Appendix A the two 
supposed factors of supreme importance, viz , the population and the month of 
first human plague-infection The periods April to June, and July to the following 
March were respectively called the ofi-season, and the plague-season (for a discussion 
on these periods see Section C) 

In the records, however, many errors gradually came to light These were 
chiefly due to a very general tendency on the part of village-officers to hold back as 
long as possible any report of the onset of an epidemic, and it was obvious that a 
correct interpietation of what had happened in a place could not be arrived at 
from data vitiated in this way Another constant difficulty iidierent in the situa- 
tion was that the populations given weie those of the 1911 Census, and therefore 

111 most cases difierent at the time of the epidemics that were (1917-1922) 
analysed ^ 


1 however, when an impoilant conclusion depended on the data 

that they were scrutinized and perhaps a village visited^^, before accepting the 
records as good For instance, the population of Bedag, Taliika Athni, was found 
to he ZUU more than that shown in the register while Asoge, Taluka Khanapur 

’ 1 , f94), was proved to have become primarily infected on 

w3rd March instead of in February, as in the records, both cases being ‘ critical ’ 
for the purpose of the analysis 

The intei^retation of the records, even when correct, was not always easy, 
par icn ar y as egards the date of onset of an epidemic , the date of an imported 
case mig le con used with the date of the true commencement of the epidemic , 
however, if inquiry elicited the fact that several cases had occurred within the space 
of a few days or that the infection lay m houses and streets close together, it was 
usually possible to assign thp commencement of the epidemic to a particular date 


* See. Appendix B for the results of 


visits to such villages 



C StncUand 


33 


It must be reiterated that if the oiiginal ease in a village was ascertained to have 
been imported the date of onset of the epidemic was held to be not that of the 
imported case, but that of the first case presumed to have been consequent on a 
rat-cpizootic started iiidependcnlly of the imported human case foi example, the 
case-record of this village — 


Table III 


Doc 

Jan 

I'cb 

1 Mar 

1 

1 

Apr 

May 

June 

Jnlj 

Aug 



4 ' ! 

1 

1 

3 

11 

63 

37 


The December infections w ere found to have been m women who came to the 
village to die from a neighbouring town then heavily plague-strieken, and although 
they may have brought the fleas which originated the rat-epizootic, or rats come 
independently, upon vliich the recorded epidemic from February to August was 
consequent, the onset of the primary infection was considered to have been in 
February and not m December 

When one had obtained reliable data m a place regarding its population and 
date of primaiy infection, the next point to decide was whether, in the event of it 
shoving infection during the next plague-year, it had ‘ carried-over ’ or had been 
reinfected This, it must be pointed out, entailed a purely arbitrary judgment 
One had to presume the local continuance or discontinuance of enzootic plague 
during the off-season with no other evidence than the incidence of the human cases, 
and what one could hear about them There were no other criteria^ available or 
possible to collect under the circumstances, and it could only be hoped that the 
results of the operations would justify the means 

Many of the considerations brought to bear on the interpretation of the records 
are given m Appendix C, in which some interesting cases of the apparent superven- 
tion of reimportation on a carried-over epidemic are discussed {see Appendix C, 
para 7) 
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A Prediction of carrying-ove) 

In openmg this section it must be strongly insisted that the operations neces- 
sitating this analysis v ere based on the postulate that carrying-over was the m am 


* There were no records of rat plague, and even if there had been, an apparent absence of it vould 
not have proved it nas absent 

J, MR 
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factor in the reciudesceuce of the district epidemics, and that if a single place 
carried-ovei the ofi-season during the opciations, they could he said to have 
failed 

The basic principles of the formula that cariying-over in an infected place vas a 
function of its population and date of primary infection {sec p 30) v ere accepted 
but as there had been the indication that Kunhardt’s formula did not hold for these 
districts the point to be determined uas undci -what ciicumstances of its popula- 
tion and date of fiist infection had a place any chance of caii} mg-over, and it must 
here be well remarked that the main object of the analysis u as to find uhen a place 
had any chance of cariying-over As a place once it had carned-ovor vas of great 
danger, this was very important If a place had any chance at all of carrying-ovei, 
it did not matter very much what were the odds 

Method — For the analysis of the problem — vhen had an infected place any 
chance of carrying-over — the graphic method was einplo} ed as recommended by 
Kunhardt and Chitre {loc cit ) 

It involved the charting {vide Chart 1) of ever\ plague-stricken village 
according to its size and date of first infection, ii'Jing a dot to represent it, and 
numbering the dot if the village became reinfected 

The records of each place so represented were then scrutinized, in order to 
decide by means of the usual criteria {see Appendices B and C) whether it had 
carried-over , and if there was any doubt its number on the chart was but half- 
ringed, whereas if it seemed certainly to have carried-over its number was completely 
ringed 

lYhen the 2,620 infected villages had been thus represented, a curve was drawn 
to demarcate those that had carried-over from those that had not done so 

Then, as the position of the curve was the critical object of the analysis the 
records of the places repiesented neai the hne were re-examined, particularly 
because (1) it may have been decided that villages which had been marked down on 
the first scrutiny as having carried-over had not done so, oi there may have been an 
eiior in charting their positions ; while (2) some marked doubtful might have been 
found on careful inquiry to have actually carried-over, and the rectification of such 
eriors might lead to some modification in the position of the curve 

The re-examination of the records involved a very careful scrutiny, especially 
bearing in mind the considerations refeired to in Appendix C, and in many cases a 
visit being paid to the village to ascertain, if possible, any circumstances wl ich might 
lead to a more correct judgment in the matter 

For example, Mishiikot, Talulca Kalghatgi, after the preliminary suivey, 
had been marked down, in view of its following record of plague-incidence, 
as a place that had carried-over — 


Tabu, IV 
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But, upon cxamiUcition, the village registeis showed that there had been no 
mfoction in November, and none lu Apiil, r\hile the August infection, it was 
nsccitained, came from a neigliboiiiing \illogc Ugginkeii 

All the details of such special inqiimcs cannot be given here but some typical 
evamplcs aie included in \ppendi\ B 

An interesting fact emerging fiom these im estigations was that no definite 
c\ idcncc of a ‘ doubtful ’ place having cairied-over could be obtained, and as a nett 
icsult thcic Mas no shifting of the curve on the chait so as to dimmish the area 
representing can} iiig-o\ cr 

The chart having been prepaied in this way enabled the construction of the 
following formula shoving the dates after which places of various populations 
have a chance of can) ing-ovei — 


Ta.ble V 


Places rMth a popii 
lation of 

Infected after 


1— 00 

Mav 

1 


51— GOO 

March 

1 

1 

501—1 000 

January 

22 


1.001—1,500 

1 

January 

1 

» have a chance of 
carr} mg over 

1,501 -2,000 

Decemher 

15 

2,001—2,500 

December 

8 


2,501—3 000 

December 

1 



In concluding this section it must be reiterated that the principles 
and methods employed were exactly those of Kunhardt and Chitre, 
consultation with w^hom the wTiter w'as happy to enjoy, and the results in the 
respective regions surveyed may be taken to be strictly comparable 

B Probability of importation 

Theoretically, the later an infection of a village, the less the probability within 
any fixed period of its subsequent reinfection by a fresh importation , the reason 
being that the prior infection sets up a defensive mechanism in both the population 
and the rats, for instance the population disperses, and the rats also flee from their 
own dead, and this mechamsm lenders the soil less favourable for the reception of 
fresh seed Moreover, the latei the prior infection the later normal conditions 
return,— people who have fled come back to their homes, the rats multiply to 
make good their losses, and so on, —and the latei the re-establishment of normal 
conditions, the less is the chance of leinfection taking root in a place within any 
given period of time 
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Tho absoissaa represent months of primary infectiov from August to Julv, of villages The ordinates tli 

AVhen a village hecamo reinfected in the succeeding plague year the dot representing it on the chart 
"was difHcult, the number was doubtful, it was half ringed , if the place seemed certain to have c 

Finally the villages which seemed to be eccentric were investigated and if necessary their position altereiJl 




)f the Tillage in grades of oOO base line being zero 

mbered, and its records scrutinized ivith a viea to determining if it bad ‘ earned over ’ 
t^er, its number ivas completely rmged 
''Jlock vn) 


If the interpretation 
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Actually tlie follouing aic figiucs of i ales, of presumed importation obtained 
from Chart 1 and they exhibit that anticipated decline — 

Table VI 


Giving ealenJaied luijioilnhon-iales into villages — 


Infected in 

Populations 

1— SOO 

500—1,000 

1,000—1,500 

August September 

10 7 

13 0 

14 0 

October-November 

8 2 

12 0 

97 

December January 

5 1 

11 S 

1 


The chart also shows faiily clearly outside the canying-ovei ‘ aiea ’ that the 
biggei a 'place is, given its mfeetion at anytime the greater the ehanee of its reinfec- 
tion by importation It is not diffieult to understand this not only must the 
chances of human plague be proportionate to the numbers of susceptible people, 
but the bigger a place the more road and rail communications it has and these bring 
an increased liability to infection Further, the larger a place is the more is the 
chance that it be a centre of trade, or grain-centre, or a bazaar-town, and as a final 
reason the greater chance that when the prnnaiy infection died out it will have 
left a larger proportion of susceptible people 

It may incidentally be noted that even in comparatively small villages the 
importation rate is high, the chance being about one in five hat then must be 
the odds in big towns 


C Phases of the ‘ plaqne-yeai ’ 

In the official Bombay Government forms kept for tlie record of plague-incidence 
(see Appendix A), the ‘ ofl-season ’ was marked as from April to June inclusive On 
the other hand in the Repoits on Plague Investigation in India published by the 
Indian Plague Commission (3910) charts are given showing that the average 
number of fieas per rat (see Chart 2), as well as human plague-incidcnce increases 
from the middle of May 

l^ow, as the off-season should rightly be considered to be at an end when 
the correlated factors favouring plague begin to wax in power, then in Belgaum, 
vhere one factor, the flea-rate, does so from the middle of May, this time and 
not the end of June should be taken to be the end of the off-season That it 
IS so is further supported by the following two tables showing (1 ) the number 
of \ illages with populations up to 3,000 which became infected month by 
month during the period under review, and (2) the monthly plague death-rate 
over the same period 
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Table VII 

The }iiiiitbei of villages of populaiiom up (o 3 000 winch became vtifecied 
moiUh by month, 1914-P20 


i 

Months 1 

1 

i 

Xiimbcr of ullages 
iiifcctcd 

Months 

Number of villages 
infected 

1 

t 

Januan 

■llO 

Jul3 

149 

Fcbru’irj 

2G0 

August 

227 

March 

m 

September 

230 

April ' 

SO 

October 

281 

Mav 

00 

November 

277 

June 

08 

December 

242 


Table VIII 

The total monthhj deaths f tom plague, 1914-1920 


Months , 

Number of deaths 

Months. 

Number of deaths 

1 

January 

10,770 

July 

3,362 

Februarv ! 

8,911 

August 

6,097 

M^rcli 

6,209 

September 

8,766 

April 

2,736 

October 

8.599 

May 

1,423 

Noveml er 

' 9,021 

June 

1,511 

December 

8,117 


These tables show that the case-inudence, and particularly the village-iniec- 
tions, increase slightly after May and go on increasing till October they then decline 
slightly, but rise again in January to a very high level After January until May 
the village-infections and the plague-death incidence decline gradually, this com- 
pleting the cycle 

The tables and Chart 2 then both prove that the off-season terminates at the 
middle of May and not at the end of June* 


^ Special efforts m aamtation should nevertheless he made all through Mai and June 
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cheopis-T 'iti .111 1 f< ’ ’111' till T( .11 no (IifTorcnt ml daf fi n\nilnl)lt for the 7onc , 
except tlu’t Cr li<i' It polled til it ,it \tlini, \s i II u itliin tin rfo'-// ( ountr\ tliefli.i 
VI ere all f/o'opi s nidtli.it it Jji iL'.min 1\ iiip lx fwi ( n tin de h iwnlmnlad tlic 
late inerf,i'=(^ ii]) to jiliniher a^l>n !» I’lp .i1)‘'MiI in both jiliit^ The. difference 
seen m the pi i‘_oK -iiK ideiK ( in the two /ones is tluTc fort more jirob.d)!} (orrol.ntcd 
with some diflcn iicc s in t Ik* .ipin ulf ni,d indiisl ms of the peo])le for instance, tlie 
desk being laig<h eotton-inow ing has to iinpoit nioic gram 


CiiAin 3 



The close correspondence of tlie plots for most of tlio jenr, winch probnbh is not 
accidental, is ver^ suggestuo that the difference from August to December is a true one and 
not a sampling error 


SUAIMARY AND CO n’CLUSIONS 

The object of the analysis here made was, it may be reiterated to discover, as 
far as possible, the ciicumstanccs in the Belgaiim and Dhaiwai Districts under 
whicli cariying-over takes place, and to shed light on cognate matters all of 
which were of practical importance in the prevention of plague in these districts 
The carrying-over problem was investigated hy charting the available data, 
VIZ the case-records of infected villages, and the analysis, wdiile confirming the 
importance of the factors of population and month of first infection of a village, has 
provided a new formula for the conditions of population and month of fiist infection 
un er w ic m ages in these districts have any chance of carrying-over 

A^ ith regard to other matters the prohabrlrty of reiniportatron rnto a prevrouslv- 
1 ^ - ^fV^^®'^f®^S“OW“todecreasepanporssMW]ththelatenessoftheprrmary 

„ w 1 e on e other hand, cdtens panhus, the larger an rnfected village the 
chance of reimportation m the following plague season 

all towns of 2,000 to 3,000 population, infected early (August) in the 
ay ^ pri ), he reimportation-rate next year was about 20 per cent 
n argei towns, and without the inhibitory influences raised by a 
must he very high indeed’*' 


* The rate w as not calculated 
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Tlic plia'^cs of the plagnc-}'e<ar liave been shown to be as follows the ‘ epizootic 
season ’ may bo taken to start at the middle of May and to leach its zenith by the 
middle of the following Tanuary The ojj-tcason then commences and continues to 
the middle of Jin)" It is certainly most important to conduct anti-plague 
operations very rigoiously from the onset of the off-season 

A u ell-marked sccondai) rise of human plague-incidence occurs in January 
when the annual epidemic reaches its zenith, but the flea-rate is then near its 
miimmun An explanation for this may be that the transport of the harvest at 
this seison affords rats and fleas the greatest possible opportunity to spread the 
disease in spite of the low flea prevalence 

There is a distinct difference in plngue-incidence between the eastern dry zone 
(or cotton desli) and the moie humid western malad (the padd)"-growing zone) 
Piobably the differences seen are bound up with some of the industiial conditions 
of the people, e g , the grov th of the staple crops, or they may be merely reflections 
of the var) mg tempera tines or other ph)sical condition, or they may be due to the 
desh being more largely importers of grain 

From the analysis it uill have been seen, to rei ert to the subject of carrying- 
over, that one particularly striking point has emerged, viz , that in these districts 
carr) ing-over occurs in places of a very much smaller size and of an earlier month of 
infection than was Kunhardt’s expeiience in the districts around Poona In fact, 
except in a very favourable vear, the number of places which would have to be 
marked down as possibly ‘carrying-over’ would be comparatively large 

Comparing the carry^ing-over formula constructed by Kunhardt foi the Poona 
District with that resulting from this analysis it seems that there is a true difference 
between plague-incidence in that area on the one hand, and Belgaum and Dharwar 
Districts some 200 to 400 miles south on the other (see Chart 1) Kunhardt has 
kindly shown me an unpublished paper by himself in which he points out that in an 
equable and humid climate such as in Madras Presidency during the non-epidemic 
season plague smoulders on" and there is no well-marked epidemic season whereas 
m the arid Punjab the epidemic season is very well marked and in the off-season 
there is but little manifestation of the embers of the fire burning beneath the suifacef 
It IS a very suggestive fact that Greenwood woiking with data fiom North India 
concluded i hat except for ‘ large villages ’ the distribution of ‘ multiple infections ’ 
was fairly random , in other words, carrying-over was not very evident in small 
villages 

If it be only" climatic conditions that produce these extreme results, it is quite 
possible that the Belgaum and Dharwar Districts with their more humid climate 
would approximate to the Madras state of affairs, and the Poona Districts with their 
drier climate more to that m the Punjab And that too may be the reason for the 
different plague-mcidence that one sees in the malad and desh of the BeDaum 
and Dharwar Districts 


From a practical point of view these conclusions would indicate that in the 
more northern and zones it might be possible easily to stamp out plague by opera- 
tions based on the same principles as the Belgaum and Dharwar Districts Plague 

* Id other T\ords sporadic human cases are seen 


t This smule -which is often used foi carrying over plague seems inapt 
fire beneath and sometimes but a glow comes to the surface 


theie IS a burning raging 
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Operations, wlicreas it iiiiglit not be at all possible in the more sontlicrn legions 
At ail)’- late lu the Belganm and Dhan\ar Dislricts tlic proposition might be a far 
bigger one tlian originally contemplated, nhilc farthci south the scheme might 
be quite impossible 

If the incidence of plague vanes between the malad and desh of the Southern 
Maratha coiinti} and between this and the Deccan, onh t^\o to four hundred miles 
nway, in no region would one be able to postulate fiom cApenenee in other parts of 
the country what conditions are obtaining in it 

Therefore, to conclude, in vhatc\er part of the countrv foi which operations 
may be designed, U is essential that thoe be made a jnchvmuny sin icy of the 'plague 
? eeoi ds 


Cragg (1921 1922) 

GBrENwooD, M (1910) 

Idem (1911) 

Hirst (1914) 

Indian Plague ComiMIssion (1910) 
Kunhardt and Chitbe (1921) 
Philip and Hirst (1917) 
Strickland (1922) 
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APPENDICES 

A roHM IN wnicn tlagui records were kept in the Bomhai Pri^idency 

B iNliDIBIES REOARDENQ THE FPIDEMICS IN CERTAIN ^’ILLAGES, WITH A MEW TO DrTERMlNING 
IVUETHfTl THEl ‘ CARPIED 0\ ER ’ 

C Interpretation or records 
D Index to the numbered i laces of Chart 1 
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and Dhauiar Dish ids 
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2,300 

21,099 

3,743 


Foim in winch the plague leeords were heft in the Diiectoi of Public Health’s Offices, Bowhaij Presidency, 
witli hypothetical examples The numerators of fractions represent tlic number of surviving cases, tlio 
denominators the deaths 
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4PPEKDIX B 

Notes on the plaqnc-iuctdence m ceitatn tillages 

Tlic following notes ichte to places winch wcie the subject of special inquiry, 
with the conclusions leached icgaiduig then having caiiied-over or not, as judged 
all the n\ailable ciiteiia — 

Kasamb', TaluLi Kod No H03 
Infection in 1015 as follows — 


Jnii 

Peb 

Mnr I Apr 

Mnc 

June 

Jiih 

Aug 

Sept 



i A 1 

1 1 

t j. 







TT 






The infection in ]\Iay had been iiiaikcd dow'ii as ‘ cairied-over ’ but waas thought 
to be possibh a rcinipoitation fiom Hedigond about 3 miles aw'a} or from Chinni- 
katti some 4 miles aw a}, both of which weie infected at that time in fact the whole 
of this part of the taluka was heavily infected Tlie people of those villages have 
intercourse tluough then common bazaar-village, Kaginelh, lying midwaj between 
them, and theiefore this Kasambi epidemic has been taken to have been a case of 
reimportation m May carrj nig-over into June 

Asogc, Taluka KJianapui, population 360 Block VII, No 194 
The iiifcction-nicirkncc appeared m the official records to have been a noimal 
carrymg-oa er from February into June as follows — 


Peb 

Mnr 

Apr } May 

I 

June 

JuK 

Aig 

Sept 

1 

0 

6 

t ^ n 

f € 

4 


1 

1 

r 


but upon inquiry it w'as ascertained that the outbreak of the infection had been m 
March {on the 23rd), not in February, and the place w'as accordingly marked in 
the chart as carrying-over only from March It may be added that there w^as no 
evidence of a superposed’*' reimportation here, although it was a place of pilgrimage 
People of almost all classes of the district visited it on the day of Mahasivratri in 
the month of JIarch every year, wffien the attendance might be 2,000 

Nellihd, Taluka Hangnl Block VIII, No 231 

This place w'as marked down at first as an instance of carrymg-over, on the 
strength of the following register of infection in 1916 — 


Mar 

Apr 

May 

June 

July 

Aug 

Sept 
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Nor 

4 
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1 
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* Set. p 50 of Appendix C 
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Howeve], upon inqmiy, it appeared likely to have derived its June infection 
flora KaVekallpiu one mile .nvay, oi from ]\laianbid, a little further, both of -which 
had previously become infecti d fiom then common ba/aai-village Adiii One may 
add here that in the meantime Adui had lo'it it- infection and that later on Nelbbid 
apparently reinfected it, an inteicstinE; instance of a baz.iai -village setting up 
infection in a cycle of villages and becoming ultimately lemfected from one 
of them 

Asoge, Taluka Klumajnu Block VIII, No 37G 


Infection in Maich 1920 as 

folloW'S 

— 


]\Inr 

Apr 

1 

Mny 

June 

1 



- 


Asoge again probably owed its piimaiy infection {see abo\c) to the fact of it"? 
holding its fail in Match Howevei, the infection in June was, it seemed, almost 
certainly derived from Khanapui, only 2 miles avay, -which was heavily infected 
at the time 

Baclmxhen, Taluka Sampgaon, population 373 No 109 
Infection in March 191 b as follows — 


Mar 

Apr 

I 

Mn/ 

Juno 

Julr 

1 

Align 

, 

T 

“ i 


- 

w 

T 


There appeared to be no place w'hence lu June it could have sufiered reimporta- 
tion, and it was marked as having cariied-over 

DadaiLop, T.dulca Pmasqad Block VJTI, No 021 
Infection in Maich 1918, as follows — 


Mar 

Apr 

]\Ia'v 

June 

July 

Aug 

1 Sept 

1 

- 




- 

1 

1 ^ 

T 


cidence like this was unlilce the ‘ standard ’ instances of carrying-over 
-e seemed to have become reinfected from Baliir in Navalgiind, and was 
ot carried-over 

\ 
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Kardilop, Tahilv-v Hithh Block XVIII, No 271 
Infection in Fobrmrv 1110 as follows — 


Feb Jlur j 

1 Ai>r 

Maj 

June 

July 

Aug 

i ' 




1& 

i 

etc 


It was probably reinfected fiom Palikop 3 miles away, and was not then a 
carrying-o\ or village 


Hebbal, Taluka Khannpur Block XVIIT, No 611 
Infection in Fcbuiar\ 1117 as follows — 


Fob 1 Mar ^ 

1 

Apr 

May 

June 

Jul\ 

Aug 

1 

1 

1 

I 



T » 

n 

"S 



This appeared to have carned-over, but as it lay within a few miles of Khanapur 
Bazaai on the mam trunk road, it was the object of special inquiry however, no 
information on the point could be obtained 


ChiLalgiid, Taluka Hulcn Block XVIII, No 612 
Infection m February 1917 as follows — 


liar 

Apr 

May 

June 

1 July 

Aug 

>Sep 

Oct 

Not 

Dec 


j 

o 

o 

O 

fi 


O 

^ 1. 

R 



u 

o 

C 

O 

O 

o 

o 

U 

c> 


The case in August might have been a manifestation of endemic plague due to 
carrying-over, but was found to have been that of a Brahman woman visiting the 
village from Thanahatargi which was then plague-stricken The place w'as conse- 
quently marked dow'n as not having carned-over 


Gumgol, Taluka Navalgund Block XIX, No 265 
Infection in January 1916 

This infection had carried on until April when it ceased, but had recurred in 
August This might very well have been the case of carrying-over, but upon 
investigation it w'as found that in all probability it was a case of reimportation from 
Morab which lies only a furlong away 
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Chilleiw, Tahika Kod Block XXI, No 4iG 

Infection m November I91G 

This place had appaiently cniiied-ovci biii it lay on a iiack bclvecn Rainbenur 
and Honnalli on which anothei village Tiiminkatti vas situated i Tiimmkatti 
had become infected in Jainiai\ and Kappelui, its ba/aai-tovn, in April, and 
apparently this place had been instrumental in leinfccting Chikkrnir dining the 
plague-season 

Slienvad, Taliika Huhh Block XXIX, No 211 

Infection m 1919 

The records of plague in this place had shovn infection fiom November to 
February, then in July, and again in November and December But upon inqiiii) 
it was found that the infection leportcd in July had been an eiioi and there could 
therefore bo no doubt that this place did not cany-over 

Kochan, Taluka Huhen Block XXX, No 009 

Infection in 1917 

This apparently was as certainly as could be a case of carr\ nig-over, but as it 
lay neai Hukeri and Shankeswai, both heavily infected at the time, it might haie 
been an example of leimportatioii simulating cairymg-over 

ThaiieJiatcagi, Taluka Hnlot Block XXXI, No 015 

Infection in 1917 

In the tables the incidence was apparently an example of carr}nng-over, but on 
inquiry the village registers showed no infection in 1917 ' 

Dliupdal, Talulca Golak 

Infection in March 1910 

The incidence of the irfection had been in March and April, then ml until July 
during this immune period no history of rats dying could be elicited, and the place 
was therefore considered not to have caiiied-over 

Ganjigatli, Taluka Kalghatgi No 017 

Infection m 1919 

This place did not present any normal type of incidence, but on the other hand 
there could be discovered no source, nor any histoiy, of reimportation The matter 
had to be left in doubt 


Jamvad, Taluka Chlodi Block XLIII, No 120 
Infection in 1915 

The incidence of infection missed out April to July and in August the place was 
probably reinfected fiom Sadale one mile away which was heavily infected at the 
time 
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' Stdinir, Talukn Kod No 1G2 

Infection in 1915 

Tins place presented an incidence of infection a little atypical and possibly 
suffered reimportation from Ammr or Kerewadi, both of which were quite 
close to it 

Adtn, Tnluka Hangal No 366 

Infection m 1920 

As mentioned above in connection vvith Ncllibid, Adur was probably reinfected 
from this village, which was one m a cycle which the primary cases m Adur had 
infected 

Deialpur, Talnka Sampgaon No 780 

Infection in 1917 

This place seemed as tjpical a case of carrying-over as one could find, but the 
infection at the outset in January was perhaps due to importation of human-plague 
direct and not due to au}' epizootic, in which case it seemed correct to label the 
infection as carr 3 ’ing-ovcr onlj'^ from March, and not from January 

Amangi, Talidca Hulcri Block XIV, No 405 

Infection in 1916 

This place had •^hown infection till April 1917, and apparently derived its 
infection m the plague-season by leimportation from Hulceri or Shankeswar 
Bazaars 

Kalgliatgi, Taluka Kalghalgi 

Infection in 1915 

This infection had continued into 1916, but then missed out May, June and 
July, and its later infection had been probably derived from Bommingatti, 7 miles, 
or Devikop, 4 miles awav^ for both of which villages it w^as the bazaar-town 

Solapur, Taluka HuLen Block LIV, No 1312 

Infection m 1915 

This place had suffered infection from January to June continuous^, which 
apparently had exhausted its potentialities for further cases because the epidemic 
did not contmue after it had carried-over into June, and moreover the place did not 
suffer reimportation from Shankeswar, a mile awaj^, which was heavilv infected 
during the plague-season 


Sampgaon, Taluka Sampgaon Block LXVIII, No 1319 
Infection in .October 1916 

This infection m October in the register had consisted of 2 cases only with 
nothing further till January, after which it had carried-over 
J, MB 


4 
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But on inquii)' it was found that no case had leally occurred in October, 
there had been one on December 1st in a man ^^ho was reported not to have 
been away from Sampgaon except to woilc in the ]ungle, and after tins the infection 
had staited on December 2Sth and cairied-over The case on December 1st had 
probably started the epizootic 


APPENDIX C 

Consid&ahons aj^iilxcd to the mterjneiahon of coiiecihj-rcgtsleied 

epidomc rccoids 

(1) In ordei to justify a conclusion that a place h.id carried-ovci some mani- 
festation duiing the ofi-season of plague was required 

(2) If tables of what may be called standaid epidemics were drawn up foi places 
(fi) of a given grade of population to show the t^pe of plague-incidence when the 
onset of infection occurred in the several months of the }ear, and {h) of difEerent 
grades of population piimaiily infected in any given month, and it was found that 
the incidence of plague in any place confoimed to these standaids , then that place 
was taken to have carned-over If, howevci, the incidence records wmre shghtb 
aberrant from the type, an investigation might be made, after which, if a positive 
01 negative decision could not be arrived at, the place was classed as ‘ doubtful’ 
[See Standard Tables at end of the Appendix ) 

(3) The possibility of reinfection being due to reimportation from an adjacent 
plague-focus w'as borne in mind On the other hand in nearly every case of undoiibt- 
ea carrying-over there was some adjacent source of possible reimportation 

(4) Trade, rail, and road communications with infected foci w ere factors wh’ich 

w'ent to determine likelihood of reimportation Places of pilgrimage or bazaar- 
towns being infected were factors predisposing to the spread of plague to places 
with which they held traffic ^ r 

(5) The street and house incidence of the disease was considered , this, if con- 
fined to one house, gave use to a suspicion of importation, whereas when several 
cases in diverse localities occurred carr^ung-over was suggested 

(6) A history of a rat-epizootic contingent on an epidemic was important 
evidence of carrying-over, but it was not often obtainable 

j explanation of the course of certain village epidemics will show how 

difficult it sometimes is to interpret them 

When a place becomes first infected, a .state of afiairs is set up which 
tends to inhibit the continuation of an epidemic and the longer this lasts the 
more pronounced is the development of that state, and when the infection has 
come to an end a normal condition is gradually re-established The chance 
of an importation grafted upon that primary epidemic is governed by those 
considerations Even when the factors which are inhibitory to the continuance 
of the epidemic have developed to the pitch that the epidemic ceases, importation 
IS not precluded, for no epidemic quite exhausts the supply of susceptible 
hurnan subpets , but if the infection of these susceptibles has not come about 
^demically , it is far less likely to occur with the infected population of another 
village as the source 
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However, vhen sciutmi/mg mndence records, it is sometimes easy to see that 
])arl of the incidence has been due to an importation engrafted on the original 
epidemic For example, sec the course of infection in the following — 

Hlallajnti K Anlalgi, Talulva GolaL, population 642 



The second outbreak on the 9th September was, as far as one could ]udge, a 
reimportation 

But supposing this reimportation had been superposed on the original infection 
in April instead of m September, the following would have been the result — 


rob 

Mar 

Apr 

May 

June 

July 





Dec 

n!h 




■j 

[■ 

1 

1 

1 

1 

■ 

K 

K 

1 

4 








7 


T 



III 

■ 

■ 


H 


and monthly incidence being continuous would have had the appearance of carrying- 
over from February 13th , a conclusion which would have been erroneous 

An indication of the occurrence can sometimes be noticed in plague-incidence 
tables, for instance, in Shanlesivat , Taluka Hulen, population 6,717, infected 
18-1-17 — 



Jan 

Feb 

1 

liar 

Apr 

Hay 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

1917 



^ rt 

77 

2 0 

70 

I' 

17 

r 

^7 

It 


1 1 

7 

R 1 

7T 


1918 


1 t 

'C' 

Q 

T 











From January to October 1917, the mcidence can be described as normal, 
there bemg a gradual crescendo at first, and then a decline from April (in the off- 
season) until a rise rightly begins at the opening of the plague-season (in July) The 
epidemic, however, begins to fall away m September, even though conditions are 
then becoming more favourable for the spread of the disease, when there is a sudden 
recrudescence m November which carries on the epidemic to March 
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Now tins rporudcscence was probably tliercsult of reimportation fiomKochari, 
for compare — 

Hulen, population 5,258, infected 30-1-17, that is, a town of about the 
same population as Sliankeswar and infected primaril} at the same date In 
Hukeri apparently no such reimportation toolc place 



Places like Sliankeswar therefore with their apparent caiiicd-ovcr plague record 
which was, it may be concluded, due to a reimportation siipeiposed on an original 
infection, must have led in the analysis to many n isintcrpretatioiis and sw ollcn the 
number of places determined as carned-ovei consequently the giaphic method 
employed above for determining the ciicumstances under which caiiying-over takes 
place must have been prejudiced in the direction of inci easing the area lepiesentiiig 
carrying-over 

Thus, it was concluded that number 1303 in Block 8 on Chait 1 lepresenting 
Kasambi, in Kod Taluka, carried-ovei In this place the plaguc-mcidence m 1916 
was as follows — 


Jan 

Feb 

Mar 

Apr 

May 

Juno 

Julj 

Aup 



1 A 

T 


\l 


1 



But on inquiry it was ascertained that the infection in May was probably due 
to reimpoitation from Hedigond, or Chinnikatti, respectively 3 and 4 miles awav, 
which were both infected m May 

As stated, such conclusions must have considerably influenced the position of 
the curve on Chart 1 
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;,oOO — 3,000 Devihosur Karj 29-9-17 
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2,000 — 2,500 Khanapur Khan 12-7-17 



Kcgistcrcd 

number 
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APPENDIX D 


IndcT of Rcgt'itcml Nuvihtrs of all Places of 1 io 3,000 pojiulakon, 

shown on ChaU 1 


Place 

Taluka 

■2'e 

Place 

Taluka 



rrg 

o ^ 

K 




77 Anlvulci 
SO XnmhlmU 


&3 Uc\l(itti 
85 Itngi 
88 Hnrucen 
til Adbaili 
08 Jucul 

94 Ycbarlmtti 

95 ITidkal 
90 Nandgaon 
97 Halhbal 
9S Sajdsagar 
99 Tangadi 

101 Kliamalapur 

102 JTaudeswar 

103 MaVusu adgi 

104 Sankarhatti 

105 Mudalgi 

108 Kumken 

109 Bachinkcn 
111 Hitani 
114 Bclambi 

116 Karagah 

117 Borgal 

118 Daddi 

120 Jenawad 

121 Rajapur 
123 Mamdapur 
125 Ankah 

128 Xandi 

129 Belkud 

130 Umarani 

131 Maukapur 
133 Kotur 
130 Malliir 

137 Bechinkatti 

138 Timmapur 

139 Didgur 
142 Asundi 

145 Benknundi 

146 Kuppelur 

147 Kadarmandalgi 

149 Raragoundanbalh 

150 NangenhaUi 

151 KaUapur 
153 Agasanbalb 
156 VaruT 

158 Yettinhalh 


Janitnry Io Jxihj 1016 

Bclgaum 

1 

Klianapur 


Atbani 


Sampgaon 
Hu ken 


Chikodi 


Karjgi 


Ranebenur 


January Io Inly 1915 — concld 

Havasbliavi Kod 

Aladkcn „ 

Sidcnlnir (Old) „ 

Dudihall „ 

Hireballur „ 

GwldadkatH „ 

Nittur „ 

Masur ,, 

Annur „ 

Chikjadacbi „ 

Clukkabur ,, 

Kerradi „ 

Kadur „ 

Tadas „ 

Hirehalh ,, 

Ablur „ 

Hvrcbudibal „ 

Hoskatti Bankapur 

Tadas „ 

Jlattikatti M Karadgi „ 

Taramamnh Navalgund 

Hullatti Hangm 

Herur „ 

Kappa'ikop „ 

Tanbal Kalgbatigi 

Bulnaikan bulikatti „ 


190 Guujagi 

191 Nantbballi 

192 Halslu 

193 Kamasinkop 

194 Asoge 

105 Hjrehattihoh 

106 Jambagi 

197 ICagT^ad 

198 Hulikatti 
190 Gurlbosur 

200 Yakkundi 

201 BadU 

204 Yaklnind 

205 Hulikatti 

206 Belivadi 

207 Hicbanki 

208 Basapur 

209 Kotbagi 

210 Ginyal 


January Io July 1916 

Belgaum 

b 

Khanapur 


Atham 

tf 

Pamsgad 


Sampgaon 
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APPENDIX Tf—conld 


hi 

O S 

ht O 

03 

% fl 

Place 

Taluka 

'3 u, 

V c 

Place 

Taluka 

2 3 

bn S 



to c 



o ^ 







January to July 1010 — contrl 


January to July 191 6 — concid 

211 

Dcvaiapiix 

Sampgnon 

270 

GaniniankatU 

Hiibli 

212 

Chivatgundi 


271 

KnrdilvOp 

fl 

213 

214 

Gavankop 

Mallapur 

1 

11 

272 

271 

IMaiiliir 

Amergol 

t1 

Ji 

216 

Kamankalti 

Gokak 

274 

I’alikop 

11 

217 

Dkiipdal 

, 




218 

Manoh 

Hill cn 




219 

Yeddur 

Clnkodi 


7 ( h) unry to July l*n » 

220 

Sidnal 




Belcaiiiii 

222 

Sliendnr 

11 

301 

Kanbargi 

223 

TalihaUi 

Knijgi 

102 

Kinn abailiir 

ft 

224 

Melhgatti 

103 

Karlc 

ft 

225 

Yellapur 

11 

104 

Belgiindi 

ft 

226 

Kittur 


305 

M agbiiMndo 

11 

227 

Bharadi 


106 

Topinkalli 

Rbannpur 

228 

Kamalbangadi 

>» 

Haiignl 

♦ 

307 

Ivniabn Xandgad 

‘Mluini 

229 

A) leswar 

308 

Ugur 

230 

Belgalpcth 

309 

O'lgdoh 

Ratnpgaon 

231 

1 Nelhbid 


311 

Hiilloli 

Iliikcn 

233 

Maianbid 


312 

Cbukalgud 

ft 

231 

Rulliguddi 

It 

313 

Klinimimi 

11 

235 

Sauknkop 


315 

Nandi 

Cbikodi 

236 

Jal naikaukop 


316 

Gaiin ad 

Cbandgad JIalia 

238 

An am 

Rancbcnnr 

317 

Tinkcii idi 

239 

Ibrampnr 

Baiikapnr 

120 

Dcvgin 

Rarjgi 

240 

Naravaupnr 

11 

321 

Ganjgntli 

Ralgbatp 

242 

Ingalgi 


322 

Arlcsw ar 

Hanngal 

243 

Advibomapur 

11 

323 

Nnraiidgcn 

Dliamar 

244 

Bad 


324 

Rankiir 

Bankapur 

245 

Kunnur 

\ 

11 

326 

Kiidpntti 

Rod 

246 

Chillartiadm 


327 

Arlikntti 

If 

247 

Konanken 


328 

Kcdiir 

ft 

248 

Devai raalhlialli 




t 

249 

Kyalkrad 




'' 

250 

Betkerur 

Rod 


tJmumry to Jvh/ 1^20 

251 

Kacbavi 





252 

Kaginelb 


351 

Hebour 

Hnbb 

253 

Hireniakur 


352 

Rod 

Rod 

254 

Alakan 


353 

A blur 


255 

Hcdigond 


354 

Hauasbhavi 


256 

Godchikond 


355 

Yettinhalli 

Bankapur 

257 

Hoskatti 


357 

Mugab 


258 

Hulhir 


358 

Madh 

91 

259 

W ankkatti 

Dliani ar 

350 

Tadas 


261 

Bayapiir 


360 

Riinkiir 

If 

262 

Yettingud 


361 

Ueginkeri 

Raigbatgi 

263 

Chaiidanmatti 

11 

362 

Hindasgcn 

91 

264 

Mugad 

11 

303 

Sangcdevarkop 

ft 

265 

Guragol 

Navalgniid 

364 

Sursiicttikop 

ft 

266 

Bommigatti 

Kalgbatgi 

365 

Adur 

Hangal 

267 

269 

' Galgi 

1 Bhairdevarkop 

Hulh 

366 

367 

Belgalpetb 

Hoinbli 

ff 

ft 
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APPENDIX J)—contd 


Hcgistcrcd 

number 

Place 

Taluka 

Registered 

number 

Place 

Taluka 


faiivriry to Juti/ 1920 — concUl 


December 1914 

to 1919 

SfiS 

]5nl imbiil 

Hnniril 

702 

Biselhalh 

Ranebenur 

^(V> 

S luKril op 


503 

\ladkcri 

Kod 

no 

GuddadliO'lnlli 

Bnnebeiuir 

504 

Hnainrgi 

Hangal 

S7l 

Xigidi 

niianinr 

507 

Balgal 

99 

■572 

Kiidaclii 

Bclgaum 

506 

Alclmen 

Karjgi 

■57 

Knngrnli 


507 

Karur 

Ranebenur 

■57G 

A>-ogt 

Khan ipur 

508 

Nalvi 

Hubh 

577 

laiiiboli 


509 

Devangpeth 

99 

Kalghatgi 




510 

Kalaghati 




511 

Mnngsuli 

Athani 


Xoicmhcr 1914 

to PIO 

512 

Slunclckurbct 

Gokak 




513 

Amangi 

Hukeri 

101 

Khnirwnd i 

Khanapur 

514 

Kallapur 

Parasgad 

402 

iSbcdsalw jdi 

Atliaiu 

516 

Bhendigcn 

Belgaum 

405 

Necrli ' 

Hukori 

717 

Hirehattihoh 

Khanapur 

407 

Yerguppi 

Itubli 

618 

Devarsbigihalli 

Sampgaon 

106 

Chikkerur 

Kod 

519 

Bhavihal 

99 

407 

Kagelir 

Rancbcmir 

520 

Jlohare 

99 

400 

Mnnkur 


521 

AmhadkaUi 

99 

410 

Hircrama.nur 

» 

Khanapur 

522 

Tigadi 

99 

412 

ICliairttad 

723 

Shindokiirbet 

Gokak 

411 

17c\shigilinlli 

Sauipcaon 

525 

Hasarur 

Karjgi 

U7 

llaiimandhnlli 

Karjgi 

527 

Kadarmandalgi 

Ranebenur 

410 

Mdlinlli 


529 

Kagnihalh 

Kod 

417 

Yel«aili 

Hangal 

530 

Aktaugerhal 

Gokak 

419 

Andalgi 

Bankapur 

531 

Alangatti 

Hukeri 

420 

Nirlgi in Karidgi 1 


532 

Belgalpeth 

Hangal 

421 

Katenktri 

Kod 

536 

Budalraukha 

Chikodi 

423 

Kamsmkop 

I Khanapur 

537 

Kodni 

» 

420 

Ivagw ad 

1 Alharii 

538 

Kalghati 

Kalghatgi 

428 

Badli 

Paraaga 1 

539 

Tlahvnl 

Hubh 

429 

Betsur 

, 

640 

Shilwantsoinapur 

Bankapur 

432 

\man 31 

Eiikori 

541 

Shereav ad 

Hubh 

433 

Kunnur 

Chikodi 




435 

Yellapur 

K irjgi 




436 

Totadyellapur 

>» 

Ranebenur 


January to July 1917 to 1919 

437 

Karur 




438 

Laxmapur 

>> 

601 

Tippaikop 

Kod 

439 

Belur 


602 

Kallur 

Gadag 

442 

IConkanhalli 

Bankapur 

603 

Con aiihal 

Parasgad 

443 

Chikkerur 

Kod 

604 

Timmapur AI Amin 

Dham ar 

444 

Kod 



bhavi 


445 

Kadur 


605 

Kangrah Khiird 

Belgaum 

446 

Chikalbur 


606 

Tngali 

Huken 

447 

Kalhami 

Dharwar 

607 

Turkeii adi 

Chandgad 

449 

Karamadi 

Ron 

60S 

Attigeri 

Bankapur 

452 

Benadi 

Chikodi 

609 

Koohan 

Huken 

455 

Gondi 

Hangal 

610 

Budalmurkha 

Chikodi. 

458 

Galagnath 

Karjgi 

611 

Hehbal 

Khanapur 

459 

Sideevapur 

97 

612 

Chikalgudd 

Huken 

462 

Adargunchi 

Hubli 

613 

Manoli 

Khanapur 
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APPENDIX J)~contd 



Jamtary to Jvly lt)J7 to 1919 — contd January to July 1917 to 1919 — conctd 


Hadagali S Dambal 

Thanchetgi 

Dliunda*;!!! 

Ganjigafcti M Sutgatti 

Biidarkatti 

Tigadi 

HalliUeri 

Dadarkop 

Gadd^atti 

Ilandigund 

Timinapur M Adnr 

Bengardi 

Koulgen 

Sama'Jgi 

Ha^^ as hi 

Sheshgiri 

Chikbattiholi 

Kemhhavi 

Majali 

Kotbagi 

Badas 

Madgi 

Ukkund 

Muddenguddi 

Devlatti 

Ala] all 

Hirchattihali 

Benballi 

Patchinal 

Kondagi 

Masaiigi 

Topinkatti 

Bidi 

ParasM ad 

Hirobidn 

Adkur 

Bagadgen 

Belgundi 

Hanclimal 

Hosur 

Sliadguppi 

Amroli 

Meundi 

Chikbasur 

Mardmaglapur 

Vardi 

Amargol 

Bagadgen 

Karve 

Kar\ lukop 

Ramewadi 

Dadhi 


I Ron 
> Hukeri 
I Bankapur 
I Kalgliatgi 
Sampgaon 

it 

' Miindargi 
' Para«gad 
I Sampgaon 
Hukeri 

1 Karjgi 
Cliandgad 
Dliarw ar 
Hangal 
Karjgi 
Hang il 
1 Khanapur 
Sampgaon 
Hukeri 
)» 

Bclgaum 

Ranebenur 
I Ron 
Khauapui 
Hukeii 
Khanapur 
Chikodi 
Sampgaon 
Hangal 
Kod 

Khanapur 


Ranebenur 

Cliandgad 

Kalghatgi 

Belgaum 

Hukeri 

Hangal 

Cliandgad 

Mundaigi 

Kod 

Sampgaon 

Hangal 

H ukeri 

Kalghatgi 

Belgaum 

Khanapur 

Hukeri 


Aladgt n 

Bull 

iAIadh 

AInnoli 

Iclsang 

idundargi 

Alcdlen 

\crgnth 

Sangoli 

Tilualli 

Alcdleri 

Halsi 

Hallual 

Shindur 

Slundur 

Kakamari 

Kanajgen 

Masiir 

Ncginhnlli 

Ankalgi 

Aktangcrlial 

Cliandgad 

Donir 

Mahinnki 

Suchal 

Nngi 1 
Goodgen 
Chikkorur 
Surangi 


I Kod 
Khanapur 
Kod 
Hukon 
Athani 
Alundargi 
Ranebenur 
Alurgod 
Sampgaon 
Hangal 
Ranebonur 
Khanapur 
Hubh 
Chikodi 

ff 

Athani 

Ron 

Kod 

Sampgaon 

Gokak 

>» 

Cbanclgad 

Jlnndargi 

Gokak 

Alurgod 

Gadng 

Hukeri 

Kod 

Karjgi 


January to July 1917, 2iid SeriC'' 


Sambagi 

Sliiratti 

Pathanhalli 

Adahalli 

Karhalli 

Bevenur 

Anjur 

Halki 

Yarjgi 

Supdala 

Shirsangi 

Mantogi 

Gudikop 

Chikmandoli 

Halagi 

Kudaohi 

Hindalgi 

Birpankopi 

Clnkbagiwadi 

Sundi 


Athani 


Murgod 


Parasgad 

Khanapur 


Belgaum 
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AIM’ENDIX 'D—contd 


S u 

2 3 

to C 

V* 

I’lnCL 

Inlukn 


January lo July 1017, 2 

id Series— contd 

772 


Belgaum 

77*^ 

774 

Pntnc 

Ubado\ I 

Cliaudgnd 

777 

Guddc\ndi 

i 

776 

Somrttndi 

ty 

111 

UnchftUi 

yy 

778 

Bncipeduknrn idi 

yy 

Snmpgnon 

770 

Tiirktiiishigihnlli 

780 

Dg\ Inpur 

yt 

781 

Bodow ndi 

y 

7S2 

Sim])gnon 

yy 

78} 

Kcslinvnkop 

yy 

787 

Sidsamudrn 

y 

780 

Hunnshl ntti 

, 

787 

Virnpur 

ft 

788 

Mado\ al 

Gokak 

780 

4ktvngcrhat 

tt 

700 

Mallapur K Ankalgi 

»» 

792 

Nandgaon 

tf 

793 

Knnthanur 

Huken 

797 

Kasti 

yy 

798 

Hebbal 

y 

851 

Bug itcalur 

yy 

852 

Kerb 

yy 

853 

Nisosi 

yy 

854 

Jmtal 

yy 

855 

Kharnnpur 

Cbikodi 

859 

llandapur 

800 

Bhivaslu 

yy 

Mundargipctba 

801 

Bardur 

802 

Shmgatalur 

y 

803 

Shinga drayankeri 

yy 

804 

KaralhalU 

yy 

805 

HulUkatti 

Gadag 

800 

Hindgal 

J> 

807 

Kadadi 

yy 

808 

Hatalgen 

y 

809 

Lakkuntli 

yy 

870 

Beldhalh 

yy 

872i 

Gudisaga 

Navalgund 

873 

Byalal 

Hangal 

874 

Adur 

875 

YettioualU 

yy 

870 

Uppunsbi 

yy 

878 

Yerguppi 

Hubli 

880 

Mutagi 

Knlghatgi 

881 

Hulambi 

yy 

882 

Ar amalapur 

Ranebenur 

884 

Halgenful gaon 

yy 

885 

Mensbiuballi 

yy 

880 

Qudgudapur 

yy 


Registered 

number 

Place 

Taluka 

! 

January to July 1917, 2J!d Series— concld 

887 ^ 

Inninnnballi 

Ranebenur 

888 1 

Asundi 

yy 

Dbamar 

880 , 

Mugnd 

890 ! 

AlnnM nr 

tt 

891 1 

Kerkop 

yy 

802 , 

Kojalgcn 

yy 

803 1 

Kudnur 

Bankapur 

804 1 

Baddikop 

Kod 

895 

Shelgambi 

yy 

8«0 1 

Kudupiilb 

1 

898 I 

Dadguppi 


951 

Havasbi 

Karjgi 

933 1 

BcKagi 

yy 

954 1 

Timmapur M Tuttal 

yy 

050 1 

Hampihnlli 

Nargund 

057 1 

Shirshirak 

; >> 

958 1 

Benkatti 

yy 

979 

Bclnmbatti 

1 ’’ 

900 

Kappb 

January to July 

1 yy 

r 1918 

1101 

Dadkop 

Parasgad 

1103 

Kadagnur 

Athani 

1104 

Nichanki 

Sampgaon 

1105 

Cluvatgimdi 

Gokak 

1100 

Shigebatti 

1108 

Patgundi 

tt 

1109 

Kamaldim 

ft 

1110 

Hnhkotal 

Khanapur 

1111 

Adi 

tt 

1112 

Kanvikarvmkop 

Belgaum 

1113 

Kadgatti 

Chikodi 

1115 

Adi 

1117 

Hebbal 

Huken 

1118 

Madihalli 

tt 

Karjgi 

1119 

Shemapnr 

1120 

Devgiri 

tf 

1121 

Shij'aka 


1123 

Manoor 


1124 

Naikmr 

Navalgund 

1125 

Baloor 


1128 

Hulken 

Ron 

1129 

Kalasapur 

Gadag 

1130 

Tippaikop 

Kod 

1131 

Bilhalh 

Kalghatgi 

1132 

Yettmhalli 

Kod 

1133 

Hhupadlialh 


1134 

Hirenandiballi 

Kalghatgi 

1135 

Yennarayanpur 

HuBii 
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Plague w the Behjaum and Dlmiwai Bihincls 
APPENDTX T)—conld 


O o 

M ^ 

B 

03 S 

Place 

Taluka 

jistcrod 

umber 

Place 

Taluka 

gffl 

P5 



o' ^ 

Pi 




January to July 1918 — concld 

« 

January to July 1915, 2 

nd iScnei— eoncld 

1136 

Hirenatlii 

Hubh 

1311 

Potlm Kandgad 

Klianapiir 

1137 

SaTur 

Bankapui 

1315 

Ka\atkop 

Atliani 

1138 

Barnir 

»» 

1310 

Badachi 

99 

1139 

Havangi 

Hangal 

1317 

Dliaranuar 

99 

1140 

Mangundi 

Dharwar 

1318 

Kaniir 

99 



1319 

Slnrcliatli 

Huken 


January to July 1919 


Drcrjnbrr 1911 to 1919, 2nd Sene 

1201 

Timmapur M Adur 

Karjgi 



Kod 

1203 

1204 

1205 

Madh 

Kuunur 

Hiremattur 

Bankajnii 

)» 

1338 

1339 

Bcnadi 

llanehinal 

Cl’ikodi 

99 

1206 

Buzruk A.rhlatti 

Hubli 








Noicvibcr 1014, 27id ocrir> 


ny to July 1910 

1450 

Tnna\ad 1 Atliam 

1251 

, I 1 

Kkaiiapur 








iVnlcm^cr 1914 /t) 191" 

‘ 't , 

1 ' 

Cliikodi 


1 

Hubh 

I 

11 l' 


1503 

Bha% ide\ arkoj) 

1 ' 

1 T ti j 

fi 

1501 

Kcsliaianpur 

99 

i 

K u 1 1 ipm 

Hangal 

1505 

Slnsw anlialh 

Bankapnr 

1 ’< 1 

' ' i ■> 1 1 lalgi 

Banebonur 

1511 

Kbairnad 

Klianapur 


V ^ ‘^pur 

>» 

1512 

Ttaci 

99 

1 ■> 

' 1 ^ pethat 

Bankapnr 

1513 

Adi 

9 

Para«gad 

’21 1 

, I'ltti 

Kod 

1510 

Ginlbosur 

12(.j> 

i yadachi 

fJ 

1518 

Ganikop 

Sanipgaon 

) K^>} 

' innur 


1519 

Anarouadi 

>> 

12.' 

Kulkarni 

Dbar^ar 

1522 

Boinanhalh 

Hangal 

1108 

Hulgundkalh 

Kalgbatgi 

1523 

Hanansagar 

Kod 

1269 

Devikop 

»> 

1524 

Betkenir 

1270 

Gopankop 

Hubh 

1520 

]\rnndihnl 

Dhamar 

1271 

Jagapur 

Nargund 

1528 

Pale 

Hubh 


1530 

Kodui 

Kod 




1533 

Wanhalh 

Dliaru ar 


January to July 1915, 2nd Senes 

1534 

Hullnr 

Kod 




1536 

Bomanhalli 

Hangal 

1301 

Yerguppi 

Hubh 

1537 

Surlesw ar 

99 

1302 

Chimukalli 

Kod 

1538 

Mulgund 

99 

1303 

Kasamki 


1639 

Lakbamapur 

Kar]gi 

1304 

Tawargi 


1540 

Nittur 

Ranehenur 

1305 

Guddadamattahalli 

Hangal 

1541 

Konantalh 

99 

1306 

Hirekunshi 


1544 

Mangoor 

Clnkodi 

1307 

Ujanipar 

Kod 

1546 

Belanki 

Atliani 

1308 

Dommlial 

»> 

1550 

Devgm 

Karjgi 

1309 

Doraanhal 

Hangal 

1551 

Domibal 

Kod 

1310 

Batrunhalli 

Ranehenur 

1553 

Malnaikanhalli 

Ranehenur 

1311 

Yadur 

Chikodi 

1554 

Ugar 

Athani 

1312 

Solapur 

Huken 

1657 

Aurwar 

Chikodi 
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VPI’KNDIX D- concid 


Registered 

number 

PInce 

Taliika 

j 

Registered 

number 

Place 

Talukn 


October mil to 1919 


July 1917 to 1919 3rd Senes — conoid 

loot 

8his\\inlnlli 

Hanknpiir 

1758 

Jlasangi 

Kod 

1007 

5111171111 

lliibti 

1701 

Malbalb 

Hub]. 

loos j 

[ 51nriiitmglij)iir 

Sainpgaon 

1700 

Knndagi 

Hangal 

1010 

Knrgiippi 

Ihiken 

1707 

Kodni 

Chikodi 

1612 

Vcrcujipi 

Hiibli 

1768 

Ganjigntti 

Kalghatgi 

1010 

IlnMnshi 

Knrjpi 




1010 

5 ellftfmr 





1017 

Iliigi 

Klianapiir 


Ivgusi 1914 to 1919 

lOlS 

\di 1 





1019 

S impgnon 1 

Sa mpgaoii 

1801 

Ganjigatti 

Kalghatgi 

1020 

Dombsrkop 


1804 

Adi 

Kbanapiir 

1023 

tliilgiind 

Hang il 

1805 

Isiolianlu 

Sampgaou 

1024 - 

Knrcmnndniei I 

Raneboniir 

1800 

Thaiiihatarg 

Hiikeri 

1028 j 

Clukkcnir j 

Kod 

1807 

Gaunind 

ft 

1029 

■HaMiislibbavi 


1809 

Bomibal 

Kod 

1031 

Totndfcelnpiir 

Karjci 

1810 

Betkerur 

if 

1032 

yellninl 

Hangal 

1813 

Garleguiiji 

Belganm 

1033 1 

Iliiintti 1 

Kod 1 

1814 

Kenvnd 

Kbanapiir 

1634 

Ilamankop 1 

Baiiknimr i 

1815 

Bidi 

>> 

1035 

Keshas apiir 

Hiibli 

1816 

Halgi 

*9 

1030 i 

Ycdur 

Chikodi 

1817 

Anantpur 

Athun 

1637 

Benadi 


1818 

Niehanki 

Sampgaon 

163S 

Chandiir 


1819 

Mallupur 

Gokak 

1639 

Ta'iTnagi 

Kbanapiir 

1820 

Masabnan 

tt 

1040 1 

Aigali 

Atbani 

1821 

Qondikop 

Chikodi 

1041 

^luigiindi 

♦ » 

Sanipgaon 

1822 

Hireramagdur 

Kaqgi 

1042 

Xcsargi 

1S23 

Belgalpetba 

Hangal 

1640 1 

Halgen 

Raneboniir 

1826 

Kyalkop 

Dharwar 

1647 

Chikuiagnur 

Bankapur 

1827 

Koimnr 

Nargundpetba 

1048 

Murah 

1829 

CLiknarpund 

»> 

1649 

Pani at gen 

Kod 

1830 

Bisalhalh 

Raneboniir 

1052 

Veiliir 

Clukodi 

1834 

Kod 

Kod 

1635 

Thnniba targi 

Hnl en 

1836 

Somanbalh 

99 


1 


1836 

Hosl atti 



J^ihi 1917 to 191Q, 3rrf Scrip^ 

1837 

Sididevarkop 

Karjgi 




1838 

Kabbnr 


1715 

Domharkop 

Rampgaoii 

1839 

Haiusagsr 

Hangal 

1720 ■ 

Gudjcrnal 

Gokak 

1840 

Benkankatti 

Dhaniar 

1725 

Kakur 

Mundargipethn 

1841 

Rnmankop 

Bankapur 

1730 

Koperondankop 

Hangal 

1845 

Mangsali 

Athaiu 

1731 

Hauamsagar 


1848 

Hidkal 


1755 

Mudengudd 

Ron 

1849 

Naudi 

CSiikodi 


.T, MR 
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[Received for publication, December 28, 1932 ] 

HuRiNtr tlie League of Nations’ Malaria Commission’s torn of India, the value 
of what we have called the Sergents’ method for determimng the malarial infectivity 
of mosquitoes was suggested to us by Professor Dr Schuffner, and shortly after- 
wards we tested its efficacy in the laboratory, as has been described in a paper on 
the subject by Strickland and Roy (1931 }•) 

The assessment of the influence of any factor in an endemic disease should of 
course be based on such a number of observations as are, as far as practically 


* This title has been retained for the Anophelines otherwise known as mtmmxis and hsfoni 
t We were not then aware that the method had been referred to in a paper by Soesdo (1928) 

{ 67 ) 



68 


Spo')ozo7te Bate of AiwpJirhve^ Caught iv the Toai 


possible, free from the oiioi of random sampliim , \slnch being so, a icliablo 
evaluation of the infectivit) -late of an Anojilicline sjiecies would, if one 
follow the tedious and old-fashioned methods of isohiting the salivary 
glands and gut of the mosquito, involve consideiablc expenditure of time and 
tlierefoie of monev, and we saw' in the new method an inexpensive way of 
ascertaining the value of this factor, perhaps the most important in malarial 
endemiology 

We therefore conducted the inquiiv hcie reported upon — 

(а) to see how the method could be utilised as it might be in a routine piiblir 
health survey, and what would be the value of sutli results as we would obtain 
having regard to the probable errors mheicnt in the data collected, 

(б) to ascertain the local variations in the Anophcline infcctivity-iate, outside 
of any limits of probable error, and to calculate the degice of con elation between 
these variations and some of the coincident ph>sical conditions, and 

(c) to study the habits of the adult Anophclincs 

Organization and methods 

We chose the Daijeeling Teiai {see Map), one of the most highly endennc 
malarial aieas of India, the tea-gardens in this tract haMiig a spleen-mdex of 75 
pel cent, as the scene of our inquiry 

One of us (K L C ) took charge of the field-laborator} at Sihgiiri, and 
Mr BIcGregor under him was, for most of the time, in cliarge of the collections 
m the field Unfortunately the former became seriously ill with malaria for a 
month, when Di D N Roy, Assistant Piofcssor of Entomologv wuth Colonel 
Acton’s kind permission, took his place 

Our first plan was to visit the same parts of the Terai in rotation once every 
month, so that we should be able to observe any monthly variation in the infectivity- 
rate in the same set of localities Foi various reasons howevei, chiefly on account 
of lack of our own motoi-car transport, our programme could not be strictly adhered 
to Then to add to our own collections w'e tried to obtain a regular supply of adult 
mosquitoes from the local tea-gardens, and we issued a circular desciibnig how to 
collect and to send the mosquitoes alive in Barraud s boxes to our laboratory at 
Siliguri M e also wished to studv the coincident gametocyte rates m the different 
parts of the Terai, <uid issued another circular to the tea-gardens describing the 
technique of taking thick and thin blood films To this request the response was 
unfortunately poor, so that we cannot show in this report how the gametocyte rates 
w'ere related to the lufectivity-rates that we obtained Our own staff was not 
sufficient to undertake this side of the inquiry 

The collection of the adult Anophelines was made in the morning, from about 
6 to 10 a m and in the evening from about 4 to 9 p m 

In tea-gardens there was not much difficulty in obtaining entrance into coohe- 
huts, as the collectors were ahvays accompanied by a gavden cho'uh 2 daC We ha 


* IVntchinan 
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more trouble m getting into houses in huslecs'^, despite the faet that the bustee 
choukidnrs o^ er an area of 1 I square miles had been warned of oiii coming by the 
Deputy Commisbionci The bustee coolies, wdieie admission w'as refused, spoke of 

j\Iap 



purdah\, but the real reason would seem to be that they suspected we belonged 
to the Excise Department, investigating the illicit manufacture of liquor 


* Villages • 

t The seclusion in ivhich certain classeo of Indian ■nomen are kept 
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S'poiozoite Bate of Anopliehues Cauqlit in the Tenii. 


Geneially speaking, llo^^ever, aftei a little pcisuasion ^^c gained admittance 
to most houses' 

Two hiindied female Anonlielince wcic daily lotiiiired foi clissectioii Buttie 
daily collection vailed a ijood deal accoidin!; to the loealit, visited and the veathCT, 
and oni catch was piejndiced heeanse tins ycai diii.nv the i a. ns there 
Vie arexcessive and advcise laiiilall Not coi.iitino a pciiod whei. there va a 
comnlete cessation of voile the obsenations ey tended oier 20 veehs. and the 
ai^ase catcli per diem was about 130 as against the 200 oiiginalh ” 

This shoitage was due not only to the pio]lidnial laiiis but also *0 fortalii mt . 
difficulties in oiganizatioii and tiauspoit aiialigcllieiits and latei to illness wliicli 
upset the organization con'udeiabh 

There leally turned out to he no potential reason A\ln , e\en ^\lth the reduced 
staff that we employed we could not h.tve easily obtained and examined th ^ 
female Anophelines per diem that we had estimated for Dr Eoy examined .,1 
in one week, viz , 3bl per diem, and in the best da^ s voik he examined 

The morning collection was examined in the afternoon, and the evening collec- 
tion the next inoimng The method of examination v as first to , 

into diftaout species, then laboiatoiv assistants would make the preparation 
‘ bodv-duid from 5 of the mosquitoes at a time, placing the covei -slips m a line 
that chey could be run over quicklv along one axis of the moving stage , 

r\at recorded on cards, on which v as also shown the place of collection accordinc, 
ih"' follovang schedule — 


(1) tea-garden coolie-huts, 

(2) tea-garden bungalows (siipeiioi staff) 

(3) tea-garden ‘ bashas (clerks’ quarters) 


Notci by \Ii McOiujo) on methods of collection of mo<>quitoc’! — 

‘ The plan follo'n ed, tliotigh not nlwnj s adliered to, n ns that tlie bustces cre visited in t 
and tea gardens in the e\enings, because in tho nionung ten garden labourers vcrc out ea > 
gardens and elosed their huts behind them 

‘The bustees visited weie uithin a radius of about ten miles of Sibguri , tea pj.(jgr 

as far as tuentv miles Bustees uere taken at inndoni , ten gardens, as far as possible, n 
in uhich they -were visited during the first month of the uork arched, 

‘ One “ Petiomax ” lamp was in use, morning and e\ cning On arrival at the place to be 
the whole collecting staff of five, the saidnr (foreman) and 4 men, would go inside each lui 
Occasionally, the party rvould di\ide, if aiu hut nearbj' could be worked without a lamp jjot to 

a hut, the first thing done w as to hang the lamp in the centre of the hut, then care bemg 
disturb any hanging clothes, empty receptacles, etc , tho catchers w ould go to tho four co 
commence to examine these, worl ing along the walls yiieic possible one man would m . 
of tho cross bars, and examine the roof Then the walls and roof having been examined, e 
clothes, eniptj barrels, pots, etc , w oiikl be searched ^ ^ 

‘So long as mosquitoes could be found in good numbeis, the search continued, until there w0^^^ 
falling off Then a move would be made to tho next hut Perhaps here, mosqmtoes won 
and the number caught out of all proportion inrcrsely to the time gl^en if so no more j.pjlucc 

w asted, and a move made to another hut Often a bustee or a tea gai den coolie line w ould p 
so few mosquitoes, that we would return to om motoi cai and more to another point 
catchers being of a low caste, was often refused admittance to huts, when he would be set to 
the cow-sheds, always close by Follow mg the above procedure, the party would leturii wnen 
test tubes taken out had been used up , 

‘ Mosquitoes were caught, jone or two to each test tube On each tube was written 
pencil, a number, sigmfvmg the tjpe of place in which it had been used On our retiiin tJ'C t 
each number were sorted out into boxes, and were then dealt with by the laboratory assistams 
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(4) bustccs (Milages), 

(5) cattlc-sliccls in tca-gaideu coolie-lmes, 
(0) cattlc-sliccls in bustees 


Summary of our data 

The numbci of Anophelincs collected over the whole period from the 20th April 
to 26th September, 1931, v’ns 25,904 

Of these, 22,049 vcrc females and 3,855 males of the species shown m 
Table I, which also gives the result of the examination of the females for the 
sporozoites — 

Table I 


Anophclinc species 

Total 

caught 

Examined 
bj the 
Sergents 
method 
Females * * * § 

Number 
shou mg 
sporo 
/oites 

Probable 

error 

Gross 
rate per 
cent of 
infection 

Probable 
error in 
gross per- 
centage 
rate 

aconitus 

8 

8 

Nil 


Nil 


barbtrosirts 

1 

3 

♦ ♦ 




euhctfacxcs 

1,707 

1,138 

.. 


.. 


fuhginosits 

1,356 

1,417 

»> 


9 * 


funcsltia 

8,302 

7,912 

308 

± 11 4665 

3 89 

±0 14i 

byreanus var ntgerrmus 

15 

15 

Nil 


Nil 


1 

jamesn 

21 

19 

>» 


99 


jetjponen^is 

7 

7 

>> 


99 


1 ochi 

1 

1 


1 

99 


maculalus 

71 

55 

»» 


. 


marulipalpis var xiidiensis 

332 

289 



99 


pbxhppinensis 

30 

29_ 

1 

± 0 6627* 

34 

± 2 28t 

suhptclus 

) 

f 704 

Nil 


Nil 


-1 

V 13,851 






vagus 

1 

1 10,452 

2 

± 0 942 

0 019 

± 0 0095 


* The unexamined specimens of the total catch ■nere males 

t This probable error m the gross per cent infection rate, indicates that in 60 per cent of similar 
tnals, the infection rate n ould be fonnd to lie betn eeu 3 75 and 4 04 per cent In 96 per cent of similar 
trials tbe resultant rate would fluctuate between 3 47 and 4 31 per cent, a rather considerable diver- 
gence for, from a practical point of vieu , such a large sample 

t The sample being small tbis probable error is not to be regarded as reliable 

§ Though this probable error is relatively to the gross infection rate great (compare fwiesius 
above), it is still significant, and therefore lagtis must be reckoned to have definite potentiahties as a 
vector 
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Sjyowzoife Hate of Anophehnes 


Can-glit in the Tenn,^ 


Errors in various degrees or s^uipling durieg our survey 

As A funestus was t]ip oiilv speties’' in the above list that shoved any Consi 
deiable infectivity-iate, we have analysed the figures foi tins species only 
For the analysis we have taken the data for — 

(A) the whole period, 

(B) the alternate da} s of the surve} , 

(C) the alternate days of alternate weeks > 

(A) Probable e'liois iJf the samphs ialcn Joi the whole penod 
7 funestus were examined, of vhich 308 vere found infected 
The piobable eiror of this numbei of infections vas ± 11 4665 
The gloss rate pel cent of infection v as 3 893 

The probable eiioi peicentvas ± 0 1467 

so that in 50 per cent of tiials the infection-ratc v ould be found to he betveen the 
limits of 3 75 pel cent and 4 04 per cent 


(B) Ptobable eiiois in the sainpdes ialcn ovei the whole period on alternate 


days of the swvey 


Senes | 

i 

Number 

dissected 

Number 

infected 

Gloss infcc 
tion rate, 
per cent 

1 

Probable error, 
per cent 

• 

Probable limits of 
deviation from 
gross per cent 
infection rate 

1 

4,369 

171 

3 923 

± 0 1972 

3 73 and 4 12 

2 

3,553 

157 

3 856 

± 0 2156 

3 64 and 4 07 


(C) Piobable eiiois in the samples tahen ovci the whole penod on 
alternate days of alternate weels 


Week senes 

Da\ senes 

Examined 

Sporo 

zoites 

in 

Probable 
lower 
limit of 
deviation, 
per cent 

Gross infcc 
tion per 
cent rate 

Probable higher 
limit of devin 
tion,’ per cent 

1 

1 

1,922 

81 

3 915 

4 215 

4 616 


1 b 

1,775 

73 

3 84 

4 11 

8 38 

2 

1 " 

2,437 

90 

3 44 

3 70 

3 96 


1 b 

1,778 

6i 

1 

3 22 

3 60 

3 98 


^ sho^^ ed a high gross infective rate, must obviously be excluded from 
consideration because of the feu speenuens Cammed 
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Tln^ an.\l\«is of flic piobaUlo oiiois in the /iditsbi*! infection-iates yielded by 
(he himplcs we tooh shows tint fiom t piactical point of view [a) wdien these 
mimhcrcd .iliont 2 000 llui Ii.hI piobahle cnois winch weie compaitatively great, 
and {h) a smipk of about 8,000 \ lelded a piobable euor not very much less 

If all of oui mosquitoes vi/ 22 010 had been of one species and had given us 
the sime gloss infection i ite as Jutminii \iz 3 89 per cent the piobable error in 
tins 1 ate w ould luu c been ± 0 088 pei cent w Inlo the same number of mosquitoes 
gii lu" gloss infecnon-rales of 30 per rent and 90 per cent w ould have had probable 
errors of x 0 227 per cent lud x o 0432 per cent lespectneh 


Vaiuation in tul iNrEemiTt rate oi A funcshis in the Teeai 
Ate show below the infect iviti -rates of Juneslxts at different periods of the 
siirver — 

(a) m two mam divisions of the total peiiod, and 
(h) 111 four penods 

(a) The following woic the results of this analysis — 


1 

( 

i 

20tb April to 1 
27tli June i 

j 

1 17th Jnlv to 
20th Sept 

Specimens c\nniincd , 

3,486 I 

, 4 426 

Specimens infected ' 

22S j 

' 1S5 

Gross infcctmti rate percent j 

35 1 

4 1 

Probable error per cent ' 

±0 21 

1 ± 0 20 

Alcan daily iwinfall ' 

0 Cl m 

1 0 75 in 

Alcan daiK masimura temp 

86 04'’F 

1 88 80°r 

Mean daih rainimuiii temp i 

74 00°F 

1 76 25''r 

McanofwccKh means of rclatiic j 

87 05 

1 05 41 

humidiU* j 


1 

1 


In the latter half-period one phbppinensis out of 17 , giving a rate of 5 8 
per cent, and 2 vagus out of 7,122, giving a rate of 0 028 pei cent, were also found 
infected 

(b) The following weie the rates m the four periods — 


20tli Apnl to 
10th Mn\ 

17tb May to 
27th June 

17tb Jill} to j 
15th August j 

1 

16th August to 
2Cth Sept 

Number examined 

1 464 

! 

3,022 1 

2,634 i 

1,792 

Number positive 

17 

108 

125 

60 

Gross infeotivity rate pel cent 

' 3 66 

32 

47 

33 

Rainfall, inolies 

' 3 38 

35 03 

43 73 

23 79 

Alaximum temp (mean) 

' 84 SO^F 

87 69°r 

88 07°P 

89 64°? 

Alinmium temp (mean) 

, 75 se^F 

72 IFF 

74 54°? 

79 95°? 

Relative humidity (mean)* 

86 70 

88 40 

95 73 

1 

95 10 


* The humiditj figures, were thosu for Kalimpong aud were supplied by the Abpore Obserratorj 
That station is not in the leni but in the adjoining foothills (see Map) 
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It was m tlie tliiid peiiod that vagub and j^hxhjtpinens^s also were found 
infected 

The last table exhibits a veiy striking use of the infcctivit} -rate during the 
thud period, which roughly coxic'^ponds with the establishment of the rains* 
Dr Chaudhuri’s note on the subject (t’lde Appendix) shows that hiimiditi, 
minimum temperature, and rainfall, had each, uitliin the limits of the observa 
tions some positive influence Their combined eflcct vas very significant the 
maximum temperatuie played an inverse part , but as the inverse influence of 
this factor in the case of the infectivitv-rate of the third period, was onl} 
equivalent to about 0 1 per cent infectivity the considerable rise in the rate 
111 this peiiod must be asciibcd to the combined favourable influence of the 
other factors 


A^ARIATIONS in infectivity in DiriERENT TV FES OF HABITATION 


The following were the results of the anal3’-sis of infectivity according 
to the tvpe of habitation from which the mosquitoes vere collected — 



Examine 1 

1 

1 Infected 

Rate 

Probable error, 
per cent 

Tea garden coolie houses 

4,557 

204 

47 

± 0 206 

1 

Bashas 

10 

0 



Bungalow'S 

2 

0 



Tea garden coolie hue cattle sheds 

4 

0 1 



Bustees (villages) 

3,136 

1 

99 

30 

± 0 210 

Bustee cattle sheds 

19S 

! 

5 

25 

±0 75 


There was therefore a true and great superiority of infectivity of fioiestus 
caught in tea-gaiden coolie-habitations as compared with those caught in biistee 
habitations 

This has a very important bearing on the controversy whether it is better to 
have garden-coolies living in ‘ lines ’ on an estate, or to let them live in bustees out- 
side (faltoo coolies) No reason for the difference shown can be, at the moment, 
suggested, and it would be an important matter to attempt to discover the possible 
factors involved 


This was also Dr Bcntlay’s finding in Bombay in lolation to A stephensi 
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Habits oj the ANorHEiiNLS 

In another paper Stritkland and Chow dluir}" (1931), dealing with the epidem- 
lolocy of blackwatci fc%ci in tlie Terai, suggested that a study of the habits of 
adult Anophelines particular!} those oljtaicstns and maciilotns, might vield some 
cvplanation of the low incidence of that disease in tea-garden coolies as compared 
w ith those of higher social gi adc’’-, and the followmig obsere ations have some bearing 
on this subject . — 


The leJatiVi nuwbu of odull Anophelines caught moimvg and evening 

Table II sliows the rclatu c numbeis , the time spent in the moinings being on 
the aecrage a little longei than in the ceenmgs — 


Taui l II 



Jlcrning catch 
(bustees) 

Evening catch 
(tea gardens) 

furenus (mtniaiHS and htlont) 

7-46 

1,103 

lagus 

2,068 

850 

rossi 

14 

20 

cuhcifacics 

3 

11 

pJolippinensis 

4 

3 

maculipalpis 

2 

1 

maruhlus 

1 

3 

fuhginosus 

45 

2 

Totals 

2,883 

2,002 


However, as the mormng and evening catches were made, as a rule, m difierent 
types of habitation, viz , in bustees and m tea-gardens respectively, we wdl not 
attempt to interpret the figures 


Sheltering plaees of the adult Anophelines and then zoophihsm 

The number of adults of each species that the various types of habitation 
harboured is shown in Table III, but these types should not be compared inter se 


* JIalanal ‘ immunity ’ appears to have no influence m the matter 
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as the diftorcnt dwellings wcic not seaiehed foi ecjnal periods of time, nor at tlic 
same time of day oi night 


Tahix III 



Tea garden 
coolie lines 

Bnslias 

Bniigalon s 

]>l|st( ( s 

1 

3 ( a garden 
c illl( sheds 

Biisfoe 
c ittlc 
sheds 

barhirostri^ 




1 


2 

cvhcifacies 

38S 

1 

1 

382 

12 

359 

fvjigivosns 

! 05 

1 

-i 

1 

r.i 

22 

1,144 

/HnebO/5 and acon)lii’< 

4,o')S 

16 

■) 

1,138 

4 

19S 

hyrcaniis yai vigunmv! ] 






15 

jamesi 

0 





14 

jcj/ 2 ^oricvsis 




3 


4 

1 och 

( 

1 





1 

m'ti.’ilatiis 

1 30 



S 

1 

16 

ntdcuhpalpi'- 

'i OG 



Co 

9 

119 

philippineni"< 

1 



0 

1 

8 

subpiclus 

2SS 

4 


2o8 

21 

133 

vagus 

j 3,891 

27 

23 

3,788 

17 

706 


One can, howevei fairly utilize the table to compare one species witli another 
in so far as their latio in different types of habitation varied Thus, the following 
was the appioMmatc relative prevalence of the more important species in 1 riniin 
habitations and cow-sheds — 


Table IV 



Human habitations, 
per cent 

Com sheds, 
per eont 

funeslus and acovtius 

98 

2 

lagus 

93 

7 


78 

22 

nthnfacict 

C8 

32 

macidntus 

G4 

36 

fuUginosus 

18 

82 
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]n tins sdiediilo tlio sjKdoslnM hi cn nrr.inifcd in orcipr of tlieir relative 
/ooplnli'-ni 111(1 (111 reiinik.ihle iilatne /ooplnlism of stands out veil, 
as ilso the lorri'sjinndiii;! liomoplnlisni of funcstitk and vagus, vhile maculahis and 
cuhctfacics otc\\\)\ nu'latuoh infirmodmte position 

Onr experience v is tint, if eattle-slii ds had walls with onlv a small door as an 
entrance the inside vas daih and malodoioiis, and many mosquitoes, principally 
cidici/ncKS and fvhqiaosJis could be found If, liovevc”, it had only a roof on 
supports and no vails, i fev or no mosquitoes v ere found, while the adjoining 
coolic-huts vould haibour mam Ulost mosquitoes were found in human 
habitations (vhether in coolie-lines or in bustees) when there were animals near, as 
for instance goats in pens 

^Ir i\IcOrcgor vas of the opinion that in spite of the unequal opportunity of 
catching afforded m the several t-s pcs of habitat, mosquitoes were not really so 
numerous m the houses of tea-garden managers and clerks as m those of coolies, and 
as his main object v as to collect mosquitoes tor dissection, he vmnt where they could 
most rcadiK be found, and hence that opinion was probablv correct His conclu- 
sion of course should not be v ondered at, for gencrallv speaking on the one hand the 
habitation of the manager and clerk is light clean, airy, and piicca, on the otliei 
the coolic’s hut is dark, air-stagnant, uiitidv, and kutcha* In spite of its 
smokiness it harbours many mosquitoes 


PaUs of habilahons affected by the Anophehnes 

Whatever be the relative attraction in the Teiai of the different types of habita- 
tion, there was no particular part of any dwelling where the Anophehnes were more 
commonly found they v ere captured equally from walls both high up and low 
down, and many were found resting on spider-webs and on straws hanging from the 
roof In one hut a large pile of wood in a dark corner harboured many funestus 
In manageis’ and clerks ’ houses Anophehnes were often found on or inside 
mosquito-nets and on their supports The nets usually seemed to be carelessly 
rolled up if at all while in Chinese mistris’f quarters they were usually hung up 
open and the mosquitoes found inside the nets 

Hanging clothes seemed to be neither particularly attractive nor repellant to 
Anophehnes In one bustee hut in which clothes were hanging 56 mosquitoes were 
taken, and of these about 15 wei e of the rosst-vagus group and il funestus, but the 
mosquitoes were not resting particularly on the clothes In an adjoining hut, exactly 


* At Noamundi on tho other hand ive found (Strickland and ChoTvdhnr\ 1930) that clerks’ quarters 
were far more productive of Anophehnes than coolies’ but the relative eharacterof the liahitations 
differed from that pertaining in the Terai At Koainuiidi uhile both the coolie quarters and the 
clerks’ quarters were pvcca, light and airy, the coolie hues were aluaya fuU of smoke, the clerks’ quarters 
were seldom smoky The smoke probabh prevented Anophehnes appearing in the former, while 
there was seldom smoke to prevent them entering the latter 

Why should there have been few Anophehnes in the clerks’ quarters in the Teni and many at 
Noamundi In both cases the habitations were light and airy It Mould seem to be difficult to 
evplain tins Possiblj it was some greater attraction of the kutcha coolie bmldings On this assump 
tion the relatiye importance of the mam eharacteristics of the habitations concerned m order of their 
greatest attraction Mould be — i i 

‘ iiilcba’iiess , ‘ pucca ness , smokiness 


t Artisans’ 
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similar in all respects except that in it no clothes ^\cTe hanging, 17 moscjintoes imk 
caught, all of the oosst-vayns gioup Perhaps favcslw^ appicciatcs the human 
effliivnim Bath (1931) says that Anophehnes do 


Shellos of Anophehnes ovlsidc Innnan hahitahovs 

Do the Anophehnes in the Terai after feeding on man shelter inside his habita- 
tions 01 cow-sheds, to digest their food {incidentally de\ eloping their parasites), 
pending then yisits outside to lay their eggs , or do tho'v shelter outside ’ 

We haye shown aboye that more infected mosquitoes y ere found in the evening 
(tea-gardens) than in the moi iiiiig (bustees) This difForencc may possibly hare 
been d\ e to the fact that the oldei and therefore more highly infected mosquitoes 
had left the human habitations for oviposition at about dau n before the usual time 
for oiu morning collection and retunied for food before our evening collection That 
would have accounted for a highei infective-rate in the eycning than in the morning 
because there would be a larger piopoition of ^oung and uninfected mosquitoes 
left behind in the morning 

It has been observed that in Africa fnnestvs has the habit of sheltering 
among great boulders of river -beds, but in the Term we could not get any 
ponfiiination of this observation We searched along the bed of the 'Balasun 
nvei for lesting-places of adult Anophelnies uhich as larvm are found in great 
numbers there but they weie neither caught in the vegetation nor among 
the rocks strewing the bed 


Relative prevalence or the species and sexes 

The list of species taken as adults over the whole period of our survey 
IS given in Table I (g v) 


The species at diffeient seasons 

During the half-peiiods of our survey the folloy mg was the relative prevalence 
of the different species ’ — 


April to June 


July to Sept 


acomtus 

barbirostns 

cuhcifacies 

fuliQinosits 

fmicstus 

hi/rmnns vav mgpinmns 

jeyponensis 

Lochi 

maculains 

Tnacithpalpts var tndiensis 

phthppinensis 

subptetus 

vagus 


7 

1 1 

1 

2 

1 681 

26 

1,274 

282 

3 729 

4,573 

14 

1 

18 

3 

0 

1 

1 

0 

62 

9 

317 

15 

12 

18 

5,232 

8,619 
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Tlioicforc cuhajacia fidiginot>its, viacuhtus aud piactically all tlie minor 
''<’10 found in gicalci numbers m the diiei period, the decrease of 
cuhcifoctiS during ‘the lains ’ being most lemarkablc On the other hand 
fmestub and the laqus-io’fst gioup "cie much increased 

Rclnttic ptcialoicc of the seres 

The se\ ratio’- over the whole period are show'ii in Table I , of all the species, 
22,049 females and 3,855 males w ere caught Of ctihafacies about one-third w’ere 
males, olfitJtgi»ost(’! about 9 per cent, oi fiiucstus about 5 per cent, of macidatus 
about 24 jier cent, and of the wsst-iagiis group about 20 per cent 

If a greater proportion of males to females of a species in any place is an indica- 
tion that its breeding place is corresponding!) nearer, then cuhcifacies, maexdatus 
and rnqns were breeding closer to the habitations than /wbguiosws and funeshts 
This howe'er was certain!' not the case, so that the Inpothesis derives no support 
from our sur'ev 

Rclatnc sex rate at different seasons 

^Mien those species that were caught m any considerable numbers during the 
two periods, mz the dry 'weather and the rains, were compared, it was found that 
the percentage of males in the total catch was as follows — 


Tabll V 



In the clrv weather 
period, per cent 

In the rainv period 
per cent 

fuhginosus 1 

10 

3 

funestus 

G 

3 

vagus 

2> 

17 


This table shows a lower average rate of males caught during the rainy season, 
in both ‘rams’ breeders and dry-'veathei breeders 

Relative sex rates per type of habitation 

A higher proportion of male specimens of cuhcifacies and funestus was found in 
‘ bustees ’ than in the tea-garden coolie-houses, whereas in the vagus group the 
reverse 'vas the case 

^ The influence of fires and smohe in habitations on the pievalence 

of Anophehnes 

Some observations were made on this side of the subject chiefly in so far as 
coolie-huts were concerned 

In this connection we reiterate that at Noamundi the coolie-lmes as well as 
clerks’ quarters 'vere built of stone, but whereas in the former they 'vere always 
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full of ^mola <iud flio ^^nlls ^inoko-hlndvonccl in tlu l.itto' tlio loom^ were free ol 
smoke It ^as in the Inttei that In fai the fiieiitiM piopoition of the mo'^qintoes 
weip caught a.ul it i\ as amonii the o( i nji.uits of tlu l.ittei that hlackv.ater Icier 
was pre"' ‘'lent 

We 1 ill now rompaie these conditions isilh those we found in the Term Here 
the eoolie-luits were generallv speakiiiG olean tho'-e in the ‘ hiistee'’ ’ particiilarh 
so TIict nearly all had a fii e-place limit inside foi cookintr, hut in spite of tins 
theinterioi appealed to be less smoked than the j.ncca Iniildincs at Noamunrli 
piohahh the ventilation thioiigh the thatched loof oi under the eaves, was 
good 'We noted how free fiom smoke main huts woie although cooking vas 
hahi' iiallv carried out in them In am case coolie-luits geneiallv speaking 
liaThouied a laige numhei of Anophelincs, and it is fair to presume that the 
Jpon'e of smoke in them vas not sufficient to 3 iicvent mo<"qmtoes cn^ciing la 
‘•no'i mimbeis as appealed to he the case at Noammidi hen there was 
consider ’ll le smoke in a hut mosquitoes voie iaiel> found, and vlien there 
uas no smoke moie mosquitoes wcie found Files in the Teiai tea-gardens 
Vrreujuallv lighted at dawn foi making ten luit in the hnstccs files v cie ht 
Intn in the moining uhile in botl tliet ueie lighted at dusk foi theeremng 
morl 

IVe belicre, as stated elsevhcie (Stiitklaiid and C'howdlmn, 1^31), tliatsnioke 
IS a very impoitant factor in the coiitiol of Anophclmes in linman habit<ations The 
smoke from the fiie probably kills oft a vciy laigc nnmbci of the Anophclines that 
have enierecl the houses 

The ®pecios cdqns was usuallv found in lints in vhich no fires had been lit for 
some time £,o tluit it i-- possible that it is moic scnsitn e to fumigation than fimesHa 
fuiiestus on the othei hand was oftener found in lints vhen the fires v eic being used, 
and burning brighth it ajipeaied to-be attracted bv vmmtli IMienever found 
in large unmbeis (peihaps accompanied h)' a feu laqii'^) if uas nearly always in a 
house with a bright clear fire giving oft no smoke 

Reaction io the dlwmnahon of habitations 

European and cleiks’ habitations generally speaking v ere veil lighted, ns 
compared with coolie-kuts, and la the formei Anophelines wcie lelativel) lery 
scarce Certain!} coolie-huts, w'lthout any light at all oi vit-h only a ghminer 
coming in between the eaves of tlie thateh-roof and w’alls, would often harboiu 
hundreds of mosquitoes 

In the case of certain species tha lossi-vaqiis group appeared to afiect the better 
lighted huts rather than the darker, whereas the reverse was the case \\i\]\fitneshis, 
maculipaljiis and niaculnlus In one hut a great number of funestus were found 
ma'^sed in. a cornel where it was darkest If there be any such difieience^ ns 
indicated, the greater catch of vagus m the moimng could be accounted for on this 
ground only 


Summary 

The inqair} uas iindeitaken to study the applicability ot the Sergents’ mctlio^ 
of detecting sporozoites m the mosquito to the, requiiements of Public Healtu 
Services 
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(2) About 25,000 mosquitoes weic examined and A funestus (‘ minimus ’ 
chiefly) i\,is found to be mainly lesponsible for the very high malaria-rate m the 
Term ^1 vagus also had a sisinificant infectioii-rate 

(3) The gross spoioroitc rate of funcslits vas about 4 per cent Hovever, on 
anal} sing the probable error not onh in this figure Init also in the mfertmty-rate of 
samples of decreasing size that were taken during oui inquiry, we found that from 
a practical point of mci\ the probable eirors were considerable 

(4) The \ariation in the gross infcction-rate of futiesiiis that we found at diffe- 
rent periods was apparently lelatcd with the onset of the rams, but otherwise not 
with the main mctcorologicil factors prea ailing Dr H P Chaudhuii, however, on 
anal} sing oui data , found a significant relationship w ith the minimum temperature, 
as aacll as with humidity, and rainfall , the maximum temperature on the other 
hand Ind an adverse influence 

^ (5) AVe also found a significant difference between the infection-rates of funestus 

caught in tea-garden huts, and of those caught in the villages 

(6) The habits of the local species have been diseussed The relative homo- 
philism of funestus was very marked 

Conclusion 

The relative danger in the Terai of the different species is expressed in the 
relative numbeis of those found infected, thus — 



Number of the specie'- found 
infected with sporo/oiles 

funestus 

308 probiblo error ± 11 47 

tagus 

2 „ , ± 004 

phtUppinensis j 

1 „ „ ± 0 07 


The relative danger of the one species, /wnestus, in the houses of coolies in tea- 
gardens, and of V illagers m their bustees, is shown in the following table, on the 
assumption that the relative numbers of this species that we obtained in these tw’o 
types of habitation represented the truth, and were not biased by the fact that the 
catches were respectively made in the evemng and morning 


funestus infection 



Numbers 

Rate per cent 

Relative danger of 


examined 

funestus about 

Tea gardens 

4,657 

47 

214 

Bustees 

3,136 

30 

94 
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As stated above, if tlic latter table leprc&ents the truth it would account 
foi mucli of the coolie’s insistent wish to leave tea-gaiden lines, and live in 
the bustees 

Ibove we have ashed the icadei to accept as correct the conclusion that in the 
Teiai there aie moie moscpiitoes in coolic-habitat ions than in the houses of those oi 
highei social position Fiom this it w'ould follow that the m.ilaiia inoculation 
rate in the foimei is pioportionatel} highei Yet we have seen (Strickland and 
Chowdhury, 1931 ) that the blackw ater fever incidence is very much lower amongthe 
coolies, than among Europeans, Bengalis and Chinese Y hat is the controlling 
factoi ^ Smoke, cow^s ^ AVe suggested both possibilities As for cows, ve 
have show'n aboA'c that they divert from man the attention of funcstus less 
than any other species, so much so that this species is comparatn el} rare in 
cow-sheds AA’e therefore think that this factor is unimportant, wdieii compared 
with the results of the fumigation from the coolie’s file If cattle do not attract 
funestns \o s.\X) gieat extent we believe that the coolie although living in a 
‘ funcbtus house, ’ does not get blackw atei fever because of a great destruction 
bv smoke of the infected mosquitoes w'hereas in non-fumigated houses there 
1 10 such destruction 

It IS an interesting commentary on the phrase ‘blackw ater house ’ that 
iih McGregoi oui field-assistant, became accustomed to lefei to certain coolie 
habitations as ‘ fwiesiiis houses’ , i e , meaning that he could alwmys collect a go^od 
niimbei of this species in these houses As wm have pointed out previously (1931) 
a blackwater house in the Teiai is piobably a noii-fumigated house, and also a 
fnneshtb hovse 
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APPENDIX I. 


THE PEACTICABILITY OE SUCH A SURVEY AS A PUBLIC HEALTH 

SERVICE PROCEDURE 


V e can say at once tliat Me Iiave flcmonstrated tlie practicability of such a 
survey of ours as part of a public bcaltb service AlloMiiig for obseiu'ations to be 
carried on for a yeai so as to studv diflcrential infcctivity at seasons, ve Mould 
create an oigani^ation to be placed in charge (pait-time) of CMsting Health Officers 
The additional staff required would then be, it is suggested — 

Rs per month 

I The catchers — 


one sardar @ 40-0-0 

four men @ 15/- 60-0-0 

II The hbo)atoiy staff — 

tMm assistants Mho could be taught to identify 
the mosquitoes and the sporozoites 10/- 80-0-0 

two menials for preparing the slides by the Ser- ' 
gents’ method @ 20/- 40-0-0 

Ti anspo) t 6O-0-0 

Continncncics 20-0-0 


Total 300-0-0 

Per annum Total Rs 3,600-0-0 

This organization would suffice to work out the infectivitv of the Anophehnes 
of a district ba'^ed on at least 60,000 specmiens per annum 


APPENDIX II 

A NOTE ON SOME CORRELATIONS IN THE INFECTION-RATE 

OF A FUNESTVS 


BY 


H P CHAUDHURI, m b (Cal ), dph,dtm &h,fkss (Lond ), 
Hony Reseaich Woihei, All-India Institvte of Hygiene and Public 

Health, Calcutta 

V ith a view to seeing whethei there were any relationship between the 
malaria infection-rate of Anopheles funestus in the Daricelmg Terai and 
certain of the local physical conditions, viz , rainfall, humidity, maximum 
temperature, and mmimum temperature, I have utilized the data placed at my 
disposal by Drs Stiickland and K L Chowdhury as collected by them m the 
course o e sur'\ey, reportea on heicMuth, and the results of mv analysis 
are given below I am much obliged to them for the opportunity of making 
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this review snd I must also express mj gratitude to Lieut -Colonel A D 
Stewart, i m s , for liis giiidmcc and encouiagement m analysing the matter, 
and for liis ad\ ice in submitting this leport 


Malcnal and methods 

"With evtensne material there is but little danger of false conclusions being 
drawn, whereas wnth such corapaiativcly few cases as those at my disposal, an 
uncritical application of the coirclatn c method might be so misleading as to endanger 
the credit of this most aaliiable weapon of research 

It IS not true, howea er, that valid conclusions cannot be drawn from small 
samples If particular caie be taken to pay due regard to the ‘ probability ’ 
of the data leading to ain conclusions to w'hich we may come, our judgment 
will be a fair one 

In my present analysis, theiefoie, 1 have tried as far as possible to keep myself 
within the boundary-w alls of tlie accurate scientific tests, and in my conclusions the 
amount of significance to be attached to each is reflected in the values of their ‘ pro- 
bability w Inch I have in each case shown 

The period of observations, from 20th April to 28th June and from 17th July to 
25th September, 1031 

The place of observation, the Darjeeling Terai 


Prevailing physical conditions 
hlaximum temperature 
iilmimum temperature 
Rainfall per week 
Relative humidity’’' 


84 5°I' to 95 , average 87 42°F 

69 00°F to 81°F , average 74 62°F 
0 83 to 19 inches, average 4 8 mches 
73 to 89 per cent, average 83 30 per 
cent 


Methods 

I have tried to show the relationship of the infection-iates with these meteoro- 
logical factors, through — 

(i) the correlation coefficients, 

(ii) the regression coefficients, 

{ill) partial correlations, and by 
{iv) diagram 


(i) Con elation co^cients (r) 

No quantity is more characteristic of modern statistical work than the correla- 
tion coefficient, and no method has been applied more successfully to analysis of verv 


* At Kalimpong m the foothills adjoining the Terai («<’« Map) 
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various data tlian tlic metliod of coi relation Obscivational data have been given 
by its means an altogether new impoitancc 

The following aie the coiielation coefficients (r) obtained from the data — 

(f) r of percentage of infection with maximnin temp — 0 1152 ± 0 14877 

(2) ,, ,, ,, „ minimum temp + 0 4002 ± 0 12662 

(3) ,) „ ,, , rainfall + 0 29505 ± 0 1 37675 

(4) „ „ „ „ hnmidit} + 0 3132 ± 0 1357 

(3) M ,, ,, ,, , mean temp + 0 214 ± 0 144 

Fiom these coefficients it vill be seen that — 

(1) The lelalionship between the percentage of infection and the maximum 
tempeiatiiie is lusignificaut and inveise m/ , —0 1152 ±0 14877 

The probabilitv that this coefficient may aiisc fiom landom sampling in an 
iinoorrelated population is more than 60 pei cent 

(2) The relationship betv een the percentage of infection and the minimum 
terapoiature is significant, being + 0 1002 ± 0 12662 and the probabihty that 

It may arise by landoni sampling from an nncorrelated population is only 
7 pel cent 

(3) The lelationship between the peicentage of infection and the amount 
of rainfall is not nwignificant it is + 0 2951 ± 0 137675 and the piobabihty 

hat it may aiise by landom sampling from an nncorrelated population is 
20 per cent ^ ^ 

(4) The relationship between the peicentage of infection and the amount of 
humidity IS not insignificant and is + 0 3123 ± 0 1357 and the probability that it 
may arise y random sampling fiom anuncorielated population is 17 per cent 


(ii) Begiession coefficients (?') 

The idea of i egression is iisnally associated with the theory of correlation, hut 
1 IS in rea i y a more general and a simpler idea, and the resiession coefficients are of 
n CTes am o scientific importance in many classes of data where the correlation 
coefficient is an artificial concept of no leal utility 

obtamed’ — following aie the legiession coefficients (i') that I have 


^ infection with maximum temperature — 0 0710 

“I ” ” ” > minimum temperature + 0 2134 

J ' ” ” ” „ rainfall + 0 1107 

” ” ” » humidity + 0 1241 

From this schedule it will be seen that the regression coefficients of — 

for a^use^or fall oTeTeiv*^rlpa the maximum tempeiatiiie is 0 07, le, 

oiee of maximum tempeiatuie aAvay from 89 95°F and 


infection 
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between 81 5°F nncl 95 5°F , thcie will be 0 07 pei cent deci ease or increase of 
infection 

(2) the perccntaf'c of infection to the minnnnm temperatnie is + 0 2134 per 
cent increase or decrease of infection foi c\cr\ degree of rise or fall of minimum 
toinpcraturc nbo\ c oi below 74 2°F , between 69°F and 81°F 

(3) the peiccntagc of infection to the rainfall is + 0 1107, i e , for an increase 
or decrease of evor> inch of rainfall per weik above oi bclov 4 8 inches and between 
1 inch and 19 inches of lainfall, theie will be an avci age increase or decrease of 
01107 per cent of infection 

(1) the pcicentngc of infection to lunnidit>, i e , for an increase or decrease 
of evcr^ unit of humidit} abo\e oi below 83 30 pei cent, and between the 
limits of 73 and 89 per cent there will be an average increase or decrease of 
infection of 0 1341 per cent 


(in) Parhal comlation cocffcioUs 

In actual practice the movements of some aariable m which we are 
interested are affected not only b^ the influence of one single other a ariable but 
by the coincident movements of a number of others In the particular 
investigation before us we have, as stated, examined four other variables, those 
of ma\iraum temperature, minimum temperature, rainfall, and humidity, and 
the use of ‘ partial correlations ’ has enabled us to solve the problem of the 
influence of each 

The calculation of the partial correlations for those factors, eliminating the 
remaining values, gives us a most valuable quantitative means of judging to what 
extent they are of importance in the development of the infection 

It will be realized that the partial correlation coefficient gives us approximately 
the same answer as w'e would get if we actually calculated the coefficients w ithm each 
constant group and took their average, weighted by the number of observations in 
each group 

Below I have thus tried to elucidate the mfluence of each of the four factors 
mentioned on the percentage of infection 

The coefficient of correlation (r) between humiditv on the one hand and rainfall 
and minimum temperature on the other being as follows — 

(5) r of percentage of humidity w’lth rainfall -{- 0 3001± 0 1372 

(6) „ „ „ „ „ mm temp -f- 0 5483± 0 1054 

I have found that when — 

(1) rainfall is constant, correlation of infection with 

humidity, -f 0 2455 

(2) when humidity is constant, correlation of 

infection with rainfall, -f- 0 2226 

(3) when minimum temperature is constant, correla- 

tion of infection with humidity, -f 0 1112 

(4) when humidity is constant, correlation of mfec- 

tion with minimum temperature. 


-f 0 2786 
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(iv) Duigiammatic method. 

The following Chart shows tlic result of tins mctliod of approa clung the 
pioblein The gieat significance of lumiidit\, if one disicgaids four of the 
observational data, is shovn 


Chart 


Min Temp 



Humidity 
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r= + 0 3123 

r= -p 0 7503 by elimmatrog 
4 observations 


Max Temp 



r = - 0 1152 


Hainfall 



I important emergent facts of the above analysis may be here recapi* 

uHitVTjGCl • “ 
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^Yltlun the limits of the obseivations 

(1) There A\as a definite relationship between the malaria infection-rate of 
<1 funcsliis, and \arioiis plnsical phenomena examined 

(2) Tlie relationship of the infeetion-rate to each factor examined was not 
alwa3s significant, for instance that to the maximimi temperature 

(3) Tlicie Mas a significant corrclationship of the infection with the humidity, 
minimum temperature and ranifall 

(1) The minimum temperature Mas predominantly significant 

(5) AVe niaa conclude that all the factors combined play a great part in deter- 
imning the mfection 

(6) Their positive importance in order was — 

j\Iinimum tempeiature 

Humidity 

Rainfall 

Thus, the methods emploj cd in analysing the data have informed us to what 
extent the percentage of infection Mas influenced by the various meteorological 
factors 
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STUDIES OX THE ANTIGENIC STRUCTURE OF 
VIBRIO CEOLERM 


Part II. 

VNVLYSIS OF THE CAKBOHYDRATER OF PATHOGENIC AND 
NON-PVTHOGENIC VIBRIOS 

BY 

RICHARD V LINTON, ph d , 

' AND 

D L SHRIVASTAVA, d sc , 

Cholera Inqinrtj, Indian Research Fund Association , All-India Institute of 
Hygiene and Public Health, Calcutta 


[Received for publication, January 19, 1933 ] 

Studies of bacterial carbohydrates made in the last decade have given 
bacteriologists an entirel}- new basis from which to consider questions of bacterial 
virulence, antigenic power, and type specificity The results of much of this work 
have been reviewed by Heide^berger fl927) and Cole (1931) and need not be discussed 
here It seemed of interest to apply to the vibrios the methods which have proved 
so fruitful in the study of other orgamsms Our work represents an attempt to 
determine the relationship, from the point of view of carbohydrate specificity, 
betiveen pathogenic and non-pathogenic vibrios, smooth and rough \abrios, and 
strains resistant to various cholera bacteriophages 

Essentially, the method used has been to separate the carbohydrate fractions 
from the organisms and to ■study their serological and chemical properties 

Bv the fractionation of the vibrios, we have been able to show (Linton, 1932) 
that all of them contain a very similar carbohydrate group This statement applies 
not only to the pathogemc vibrios, but equally to water-vibrios, smooth and rough 
Vibrios, and agglutinating and non-agglutmatmg vibrios Bach of them possesses, 
in its carbohydrate fraction, a factor which gives a precipitin reaction with antisera 
to any of the others It was concluded that the vibrios from the sources studied 
form a closely related group, the members of which aie characterized by the posses- 
sion of a carbohydrate fraction so similar in all that it cross-reacted throughout 

( 91 ) 
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But while it i\as cleai from this work that all the vibrios were very closely 
allied it was not possible to say to v bat degree this similarity extended A farther 
investigation was necessary befoie any conclusion could be drawn, or any 
attempt made to group the vibrios into types on the basis ot the constitution 
of then specific substances 

This fiirthei investigation, wliicli has iinolved the chemical analysis of the 
carbohydrates as yell as a compaiativc study of caibohydrates from difierent 
vibrios, has now been made and the objec t ot this paper is to present these findings 
in a qualitative way 


Organisms usi:d 

Carbohydrates have been extracted and analysed from the follovnng 
orgamsms — 

\ Vtbiw 454, smooth — A topical pathogenic Vibno cholercr recently received 
fro u the Bengal Yacciuc Laboiatory, Eutalh thioiigh the courtesy of Dr Basil 
This btiain y as a+ that lime among those being used in the preparation of raceme 
agglutinated m high dilution, and rvas strongh aggliitinogcnic 

2 r ibtw 454, loKoh — This strain y as derived from the first by the action of 
(holeraphage A The type of grouth yas pronouncedly loiigh, and the organism 
fiscdl had become non-agglutinablc ns a lesult of the choleraphagc action Vearc 
ii.iieLuod lO Captain C L Pasiicha, IMS for the (holeiaphage treatment, and for 
determuimg the subsequent agglutination leaction 

3 TTSdl — A water-vibiio, smooth, and non-agglutiiiable 

4 V^brlo E — A smooth-rough vibiio agglutmable at 1 600 


Methods used for prerarikg the specific CkVRBOhydrates 

Roux flasks of 1 litre capacity were prepared y ith agar of pH 7 8 and papaia 
digest broth and ^owii with the vibrios Forty-eight hours later the thick growth 
was washed off yith noiinal saline, 10 c c of which were used for each bottle Two 
hundred to oOO flasks \\eie woiked with as a unit, as it yms only by large scale 
methods that adequate amounts of the substance could be obtained Glacial acetic 
acid was added to the washings to make a N/20 solution, and the organisms were 
then boned under reflux until they coagulated In coagulation the orgamsms form 
eavy c limps which fall to the bottom of the flask as the solution cools, and leave 
e inc a yellow-brown syrupy fluid which is perfectly clear and which contamstlie 
specie substance Coagulation has been taken as an indication that the specific 
substance is separated from the oigamsms With rough strains coagulation may 
occur as soon as boiling begins, or after heating fox periods up to one hour 
sK^ours have in general longer periods which may extend from three to 

organisms aie put through a Sharpies supercentrifuge at 
1 Ha rf p 1 1 ^ '1 ’ ^ ^ T ^ the lesulting clear fluid further freed from bacteria 

Iplr-P W ! It while hot through a Seitz filter The final fluid is 

fwn m tlirpp bfrpt: blown colour It is concentrated from its volunm o 

1 f H 1 + they ater-bath, cooled, and precipitated with three 

volumes of absolute alcohol m tall cylmders ^ 
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After standing o\ crniglit in the refneerator the supernatant alcohol was poured 
of!, and the licavy flocculcnl jirecipit rtf' w is taken up in water and stirred and shaken 
until it uns dissoh cd A few cubic centimetres of glacial acetic acid were usually 
added to facilitate solution The solution was then concentrated on the water-bath, 
iisiialK to 500 c c , and repret ipitated, and this process was repeated until six pre- 
cipitations 111 all had been made V larger nunibci of precipitations was inadvisable 
because the amount of further purification obtained w'as more than offset by the 
loss of material in the nianipulations After the first or second precipitations the 
\olunic of the watei-solution was usually concentrated to 250 c c , and the gum 
precipitated w ith throe volumes of alcohol m a litre cvlinder The product of the 
final precipitation was a spoiigj mass, light gra} to white m colour, and filling space 
to the 100 c c mark in a litre c\ liiidci It gives negative reactions when subjected 
to the usual protein tests (biuret, xantliopioteic, Hopkins-Cole, and Millon’s), and 
it gives a strong Molisch test when its solution is diluted as much as 1 1,000,000 

After draing in tacuo it forms a light brown buttle gum 


ilETHODS AND RESULTS OF AKALASIS OF THE SPECIFIC CARBOHYDRATES 

Carbohydrate from vtbno 454, smooth — Twenty-five c c of 50 per centH 2 S 04 
w ere added to 10 grammes of the gum Aftei keeping in the ice-box overmght the 
mixture was dissolved in w ater and made up to 500 c c , thus bringing the concentra- 
tion of the acid to about N/1 After boiling on the sand-bath under reflux for two 
or three hours the amount of reducing substance was determined and the boilmg 
then continued until the amount of icducing substance ceased to increase At the 
point where this occurred the amount of reducing substance was usually 35 to 40 
per cent, calculated as glucose, of the original gum The acid was quantitatively 
removed by the addition of barium oxide, both powdered and m solution, and the 
resulting barium sulphate was filtered off and washed with boiling water until the 
filtrate was free from reducing substance The final volume of the filtrate after 
washing was usually about one and one-half litres The filtrate was concentrated 
under reduced pressure to about 30 c c or 40 c c , and made up to 100 c c A 
further estimate of the amount of reducing substance was made at this point, 
and in no case was a loss greater than 4 per cent found, and in most cases no loss 
had occurred 

A portion of the hydrolysate was decolorized with charcoal, and a phenylosazone 
formed from the clear fluid The osazone crystals were divisible into two parts 
The first, which was soluble in boiling water, after re-crystallization had a melting 
point of 178°C to ]84°C The second portion, which was insoluble in boiling 
water, was washed in absolute methyl alcohol and had a melting point of 198°C 
to 200°0 The presence of two reducing substances in tlfe hydrolysate was 
thus indicated 

The hydrolysate was then separated into three fractions In the earlier experi- 
ments, fractional precipitation by absolute alcohol was used, but as will be seen, 
the resulting fractions were far from being completely pure In the later work, the 
formation of barium or calcium salts has been resorted to, and has resulted in more 
clean-cut separations ^Ylth alcohol, the first fraction appeared upon the addition 
of three volumes It was a reddish-brown sticky mass which was taken off in 
the centrifuge (rraction I) After centrifugalizing the supernatant fluid wa§ 
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concentrated to a small volume, again precipitated with tlirce volumes of 
alcohol, and Fraction I separated once more The piocoss vas repeated four 
tunes mall Fraction I in turn was itself dissolved in vator, and precipitated 
with three volumes of alcohol, in ordci to free it as far as possible from 
Fractions II and III The supernatant fluids after tlirowing dovn Fraction I 
were added together and a second fraction (Fraction II) was separated upon 
the addition of six volumes of alcohol This piecipitation w’as repeated once or 
twice, and the precipitate itself was dissolved in water and re-precipitated The 
precipitate was white, flocciilent and Inilkv Tlie supernatant fluid of Frac- 
tion II was designated Fiactiou III 


The experimental work on these fractions ma-s be briefly outlined — 

FoacUon I — This fraction did not show an^ reducing power even alter 
prolonged hydrolysis with N/l siilphuiic acid One sample was boiled for eight 
hours on the sand-bath iindei reflux, and then autoclaved foi d5 minutes at 15 lb 
pressure without any reducing substance ajipeaiing in it 

Fo actioii II — The precipitate, after drying ju vacuo, was a wdiitc granular mas's 
easily powdered, and quite soluble in water It W'ns taken up in N/1 sulphuric acid 
and hydrolysed further, in some cases in the autoclave, and in others on the sand 
bath for prolonged periods In various experiments tins tieatment increased the 
amouots of reducing substance by 25 to 50 per cent of that onginall} piesent It is 
to be noted that these increases took place after the whole carbohydrate had been 
heated for a length of time such that its hydiolysis had ceased, or until the reducing 
power of the hydiol}sate wms beginning to decrease The fiiither ]ndrol}Sis of 
Fraction II show s that it w as a complex substance difficultly h} diolysable, and the 
constituent paits of which have a greater reducing power than their combination 
The hydrob "ate of Fraction II was freed from siilphiiiic acid as before, concentrated 
and the lesiilu*"' taken up in water, and nitric acid added to make a strength of 60 
per cent This solution was evaporated to about onc-third of its orisinal volume on 
the water-bath and then set aside until the next day, when about half the vohune 
of watei was added Crystals of mucic acid appeared w ithin a few hours, and after 
standing for 24 hours longer they were filteied off, washed w'lth water and dried 

samples gave melting points of 212°C to217°C, 
and 212 C to 21o C The acid bath had a temperature of about 200°C wffien the 
melting point tube was inserted The filtrate fiom the mucic acid crystals w'as 
evaporated to dryness with constant Stirling, to remove all the nitric acid The 
lesidue was taken up in a small quantity of wmtei, made alkaline wath potassium 
carbonate, and then strongly acidified with glacial acetic acid The final solution 
was concentrated somewhat and set aside In 24 houm a good vield of the 
characteristic cystavS of potassium acid saccharate was obtained The finding of 
mucic acid in the nydrolysate of Fraction II points definitely to the presence of 
^alactose Poh^sium acid saccharate may lesiilt eithei from glyciiionic acid oi 
from glucose Our reasons for supposing that the fiist of these is the one actually 
present will be given below This fraction gave a strong fuifiiial test 

A ‘^^^P^^^bing the fraction to dr5mess it was taken up 

r, o orize wi charcoal, and the following compounds prepared — 

(1) Phenylosazone, melting point, 186T The melting point of galactose- 
phenylosazone is 188 C (Zemplen, 1922) A sample of the phenylosazone washed ” 


in 
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concentrated to a small volume, again precipitated with tliiee volumes of 
alcobol, and Fraction I separated once more The pioccss wms lepeated four 
times in all Fraction I in tuin was itself dissolved in water and precipitated 
with three volumes of alcohol, in oidei to free it as far as possible from 
Fractions II and III The siipeinatant fluids after thi owing down Fraction I 
were added together and a second fraction (Fiaction II) wms separated upon 
the addition of six volumes of alcohol This piecipitation was repeated once or 
twice, and the precipitate itself was dissolved in wmtei and re-piecipitated The 
precipitate was white, flocculent and bulky The supernatant fluid of Frac- 
tion II was designated Fraction III 


The experimental w^ork on these fiactions may be briefly outlined — 

Fi'XcUon I — This fraction did not show an} leducing pow'ei even alter 
piolonged hvdiolysis wuth N/1 sulphiuic acid One sample was boiled forejght 
hours on the sand-bath undei lefliix, and then autoclaved for 15 minutes at 15 b 
pressure, without any reducing substance appealing in it 

F'l action II — The precipitate, after diying in vacuo, was a w'hite granular mass 
easily powdered, and quite soluble in w ater It was taken up in N/1 sulphuric acid 
and h}drolysed further, in some cases in the autoclave, and in others on the sand 
b<^th lor prolonged penods In various expeiiments this treatment increased the 
amouo < s of 3 educing substance by 25 to 50 per cent of that oiigmall} present It is 
to hr noted that the«e increases took place after the wdiole carbohydrate had been 
healed a length of time such that its hydiol} sis had ceased, or until the reducing 
novel r- the Indioljsate wms beginning to cleciease The fuithei hydrolysis of 
Fraction II shows that it w as a complex substance difficultly by drolysable, and the 
constituent pens of which have a gicatei reducing power than their combination 
The hydioH'-a+e of Fraction II was freed from sulphuric acid as before, concentrated, 
and the lesidu*'* I’aken up in water, and nitric acid added to make a strength of oU 
per cent Ti’is sohition was evaporated to about onc-tbird of its original volume on 
the water-bath and then set aside until the next day, when about half the vob^e 
of water was added Crystals of mucic acid appeared wuthin a few hours, and after 
standing for 21 hour's longer they w'^ere filtered off, wmshed wath water and diiM 
Melting point 212°C Other samples gave melting points of 212°C to 217 0 , 
and 212°C to 215"C The acid bath had a temperature of about 200°C when the 

melting point tube was inserted The filtrate from the mucic acid crystals was 

evaporated to dryness with constant Stirling, to remove all the nitric acid The 
residue was taken up in a small quantity of water, made alkaline wuth potassium 
carbonate, and then strongly acirlified witli glacial acetic acid The final solution 
was concentrated somewhat and set aside In 21 hours a good yield of the 
characteristic crystal? of potassium acid sacchaiate was obtained The finding of 
mucic acid in the ^hydrolysate of Fraction II points definitely to the presence of 
galactose Potassium acid saccbai ate may result either from gly cur onic acid oi 
from glucose Our reasons for supposing that the first of these is tbe one actually 
present will be given below This fraction gave a strong furfural test 

F) action III — After evaporating the fraction to dryness it was taken up 
water, decolorized with charcoal, and the following compounds prepared 

(1) Phenylosazone, melting point, 186°0 The melting point of galactose- 
phenylosazone is 188°C (Zemplen, 1922) A sample of the phenylosazone washed m 
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Curbohydiafe fioin ualti-ubtio SLl, wioolli — TIic gum was treated with sul- 
plmru icid as in tl>c previous cxpeiiments hut instead of boiling on the sand-bath, 
the niixture w is placed for 18 hours in the incubator at .^7°C It was then heated 
for two liours it 80°C to 90°C This mild hvdioljsis was resoited to in an attempt 
to minimi/e the In diolysis of Fraction II, and thus to lessen the amount of destruc- 
tion undergone bv its supposed ghciironic acid constituent, which has been shown 
to be sensitive to licit (Ileulelbeii'cr and Kendall, 1929) The reducing power of 
the In drolysate w as 2G per cent, calculated as glucose A portion of the hydrolysate 
was ilecoloii/ed and the phcnvlosa/one formed 4s in previous experiments, two 
tjpes of er\stils were obtained The first, vhich was soluble in boiling water, 
melted it 103°C to 1G5°C ind a second portion, insoluble in boiling watei, melted 
at 198°C The presence of two substances in the hydrolysate was thus indicated 

Fmclion II separnied as the calcium salt — The hydiolysate was neutralized 
witji extra-pure CaCOs and the calcium sulphate filtered off and washed free from 
reducing substances The filtrate was decolorized with charcoal, and the colourless 
solution heated at a low temperature with excess of CaCOs The whole solution 
was ceaporated to a small volume and filtered After further concentration of the 
filtrate, it was added wntli constant stirring to four volumes of absolute alcohol The 
light coloured flocculent precipitate was dissolved in water, re-precipitated, and 
dried in uicuo The filtrate, which contained Fraction III, was concentrated and 
re-precipitated to get nd of any remamder of the calcium salt 

The calcium salt, which is presumably a calcium aidobionate, was decomposed 
with sujphurie amd, and autoclaved for one hour at 120®C The reducing substances 
were increased 60 per cent by thi's treatment This hydrolysate also yielded mucic 
acid and potassium acid saccharate 

Fraction II was also separated by alcohol, bv the method previously described 
Upon further heating (one hour and 15 minutes at ]20°C in the autoclave) it 
increased 33 per cent in reducing power This portion also yielded mucic acid and 
potassium acid saccharate 

Fraction III, which remained after the removal of Fraction II as the calcium 
salt, was evaporated to dryness, taken up in a little water and the following 
compounds formed — 

(1) Phenylosazone M p 157°C to 160°C A sample of pure arabinose- 
phenylosazone melted at 158°C 

(2) IVIethylphenylhydrozone M p IGS^C and 164:°C Known arabinose- 
methylphenylhy dr ozone melts at 164°C (Zemplen, 1922) 

(3) p-bromphenylhydrozone One part of p-bromphenylhydrazine, together 
with 3 6 parts of 50 per cent acetic acid and 12 parts of water, was mixed with an 
amount of Fraction III calculated to contain 0 5 parts of the reducing substance 
Crystalliza ion began after some time at room temperature, and after keeping 
overmght the crystals were filtered off Owing to the smallness of the yield it was 
impossible to purify the crystals They melted from 165°C to 160°C Known 
arabinose-p-bromphenylhydrozone melts at 162°C 

(4) Mucic acid and potassium acid sacchaiate were formed from this fraction 
The mucic acid melted at 217°C to 218°C 

The furfmal test was positive 

J, MR 
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when separated as the calcium salt, shows on hydiobsis only galactose and 
glycnrouic acid 

We are now in a position to give a tentative answei to the question with which 
this part of the work began Although the specific factors of the vibrios are so 
closely allied that they cross-react serologically in high diluticn, yet the specific 
substances themselves are not identical and therefore the vibrios from which they 
are derived are difierent Our work so far has shown that the vibrios studied fall 
into two groups those containing galactose and those having arabmose in then 
specific substances It appears that at least one of the chemical differences between 
a pathogenic vibrio and a water-vibrio lies in the possession of galactose by the first 
and of arabmose by the second 

Two further points may be briefly mentioned The smooth-rough transition, 
brought about by bacteriophage action, does not alter the character of the carbo- 
hydrate, nor cause any change in its amount, Vibi lo thu« differs from pneumococcus, 
in which roughness is correlated with almost complete disappeaiance of the specific 
substance In the second place, the carbohydrate does not vary in composition 
or amount with the agglutination reaction The constitution of the specific sub- 
stance was the same in the smooth agglutinating strain as in the rough non-aggluti- 
nating strain derived fiom it , and the weakly agglutinating E strain had the 
same carbohydrate structure as the non-agglutinating water-vibiio 

Summary 

Specific carbohydrates extiacted fiom pathogenic and water-vibrios have 
been analysed The identification of their constituents has led to the hypothesis 
that the carbohydrate of each vibrio contains an aldobionic acid made up of 
galactose and glycuronic acid , that a second sugai is also present , and that in 
some vibrios this sugar is galactose, while in other forms it is arabmose 
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OVIPOSITION IN MOSQUITOES OF THE SUB-GENUS 
MANSONIOIDES 

BY 

JI 0 T IYENGAR, 

Medical Enlonwlogist, Travancore 
[ Received for pubiication, January 24, 1933 ] 

The process of ovipositiou in mosquitoes of the sub-genus Mansomoides 
(Genus Maiisonia) 5 ho^vs an interesting divergence from those observed among 
other mosquitoes, and it would appear that this peculiar oviposition in 
Mansomoides has not been described pieviously While other mosquitoes lay 
eggs singly or m rafts on the surface of water, Mansomoides lay their eggs in 
clusters cemented on to leaves of the floating water-weed Pistia stratiotes, 
generally on the lower side of leases touching the water-surface Such 
oviposition has been observed in all the three species of Mansomoides studied, 
namely, M annulifeius Theob , M uniformts Theob , and M Indiana Edw 

Egg-clusters of Mansomoides are black, usually circular in outline and consist 
of numerous eggs cemented together and fixed on to the Pistia leaf Plate III, 
fig 1 IS a photograph of the lower side of a leaf of Pislia showing six egg-clusters 
close to the edge of the leaf In nature, these cgg-clusters are commonly observed 
attached to leaves of Pislia in ponds in which Mansomoides larvEe occur Egg- 
clusters oiMansonioides could also be obtained by enclosing gravid female mosquitoes 
m jars contaimng a fresh Pistia plant in water (Plate III, figs 2 and 3) 

A close examination of the egg-cluster shows the pointed apices of the eggs 
sticking out of the cluster like the quills of a porcupine The egg-clusters are 
1 5 mm to 2 5 mm in diameter and consist of 75 to 120 eggs No constant 
differences have been observed either m the size of the egg-clusters or in the 
number of eggs that constitute the cluster in the three species of Mansomoides 
Specimens collected in nature, as u ell as those obtained from gravid females made 
to oviposit m the laboratory, show that egg-clusters are usually laid close to the 
lateral or apical edge of the lower side of Pistia leav^es that touch the water-surface 
Rarely egg-clusters occur on the upper side of the leaf in which case they are 
generally confined to the basal area that is submerged m water For egg- 
laymg, Mansomo des usually selects Pistia leaves touching the water-surface 
In leaves of Pistia that stand out at an angle to the water-surface, egg-masses may 
be laid on the portion immediately below the water-surface In all cases observed, 
both in nature and in the laboiatory, egg-masses occui on submerged portions 
of Pistia leaves, one to two millimetres below the water-surface 

YrTien gravid Mansomoides are enclosed in jars with Lenina polyrhiza in the 
absence of Pistia, egg-masses may be laid on the lower side of the large fronds of 
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this plant Seveial such egg-masses have been obtained on Lemna in this manner, 
but in nature egg-masses of Slcinscyiiiotdes have not been observed in anv situation 
othei than on Pistia leaves 


Piocess of ovi'position 

The process of oviposition in Mansonioides is inteiesting and piobably unique 
among mosquitoes since the eggs aie actually laid undei water The ovipositing 
female sits neai the edge of the leaf which is touching the watei-surface, 
with her fore- and mid-legs on the water and the hind-legs on the leaf 
She then dips the abdomen into the water and by flexion the tip of the abdo- 
men IS applied to the lowei side of the leaf as shown in Plate IV, fig ] In that 
position, the wings, which are folded up, rest on the upper side of the leaf and the 
edge of the leaf is wedged in between the wing and the abdomen which is almost 
entirely submerged in watei The eggs are then extruded one by one and the base 
of the egg as it emerges from the abdomen is fixed on to the leaf After fixing the 
base of the egg to the leaf, the egg is pushed against other eggs already laid, to 
which it sticks, resulting m a compact cluster The result .s a mass of eggs the 
bases of which are cemented on to the leaf surface and the sides of the eggs 
cemented on to the neighbouring ones in the cluster 

The process desciibed above is the usual one observed in Mansonioides in the 
act of oviposition "When suitable leaves touching the water-surface arc not avail- 
able, she may lay eggs on leaves standing out at an angle to the water -smface In 
that case, the female mosquito takes a somewhat diflcient posture as illustrated m 
Plate IV, fig 2 The mosquito sits on the water with her foie- and mid-legs on the 
water-surface and the hind-legs placed vcitically on the portion of the leaf above 
water The wings aie unfolded and pressed against the leaf and the abdomen is 
dipped into the water as shown in the sketch Eggs are then laid as previously 
described 

Sections of egg-clusteis show the disposition of the eggs constituting the cluster 
The comcal base of the egg is attached to the leaf and the straight edges of the basal 
half of the egg aie cemented on to other eggs sundai ly placed The tapering narrow 
ends of the eggs are fiee Plate III, figs 4 and 5 are photomicrographs of 
sections of egg-clusters of Mansonioides on Pistia leaves 

The eggs at the centre of the clustei are placed vertically to the leaf-surface, 
while those at the periphery aie at an angle as seen in the photomicrographs 

The egg-clustcis being in contact with water the laiva escapes into the water 
when the egg hatches and directly attaches itself to the roots of the Pislio plant 
The hatching of the egg is by a sort of a circular dehiscence Plate III, fig 6 is a 
photomiciograph of a veitical section of an cgg-clustei in which the eggs have 
hatched out, leaving the empty egg-capsules consisting of the basal halves of the 
eggs still attached to the Pistia leaf Plate III, fig 7 is a photomicrograph of the 
apeal portion of the egg which sepaiates oft w'hen the egg hatches 


The writer is much indebted to Ml M A Unnikiishna Menon Pield Assistant, 
Section of Medical Entomology, foi can} mg out obseivation on th^ egg-laymg of 
Mansonioides, and for the two excellent sketches (Plate IV, figs 1 and 2) which 
illustrate the process of oviposition 
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Big 1 Photogiaph oi tlie loiKet side of aleai of PisCta Bhovjing bql egg closteis of Jlfanstmioides 
X 9/10 

Bigs 2 and 3 Photomicrographs of egg closters of M annuhferus and 21 untformis X 28 

i> 4 and 6 Vertical sections of egg clusters attached to Fisiia leaf x 46 

Fig 6 Vertical section of egg cluster after hatching x 45 
„ 7 Apical portion of the egg which separates from the egg when it hatches, showing 

ciicnlar dehiscence x 31 



. n the act of laying eggs on a Fisiia 

. Shetch shoeing female 

leaf torching the .ater surface 



nnP.sOa leaf standing out 

_ 2 Sketch showing same nhile laying eggs 

atanangle^~“*''° water sur ace 
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THE VITAMIN B CONTENT OF DIFFERENT SASIPLES 
OF INDIAN RICE BY SPRUYT’S COLORIMETRIC 

METHOD 

Part II 

IlY 

Lieu i -Culonei H W \CT0N c i e , i m s , 

SUDHAiMOY GHOSH, m sc , d sc , f r s l , 

AND 

\SHUTOSH DUTT, b sc 
{From the School of Trojneal Medicine, Calcutta ) 

[Received for publication, February 10, 1933 ] 

In our previous papei (Ghosh and Dutt, 1933) we had reported the results 
ot our assays of several samples of rice collected in oi near Calcutta either from 
rice dealers or from some rice mills The present paper deals with the assay 
of samples of ricc collected and prepared under standard conditions 

Samples of paddy vith white (silvei-skm) and red pericarp vere secured from 
the Government Agricultural Department, Bengal A relatively small portion of 
each sample was given to a villager to prepare ‘ dhenki ’ (hand-hulled) rice 
Each sample was boiled in the usual eartJien pots and then hulled by hand in a 
‘ dhenk-i ’ The major portion of the paddy was sent to the Ballygunge Bice Mills, 
Ltd We are extremelv grateful to the Managing Director, Mr C Giegor}, 
for taking so much trouble in preparing the different samples free of cost 
for these expeiiments Each of the two varieties of paddy was divided into 
two portions, one portion being dried in the sun for the ‘ atap ’ rice and the 
othei steamed in the mill for the ‘ parboiled ’ sample They v ere then hulled 
in the mill and samples of the 1st, 2nd and 3rd hulling collected separately 
and sent to us 

Six of the samples thus collected (2 ‘ dhenki ’ and 4 mill) were 'polished in the 
laboratory The sample of rice was taken in a cloth bag and rubbed with french 
chalk for several hours Four of the samples (all mill) were also uashed in runmng 
water for 48 hours 


( 103 ) 



104 Vitamin B Content of Different Samples of Indian Rice, 

Altogether 28 samples were thus obtained They were all tested by Spruyt’s 
c jlorimotric method with the modifications described m our previous paper Each 
sample was examined in duplicate and the mean value of the two assays has been 
shown in the table 

A rough estimate of the relative pioportions of husk and pohshings in the paddies 
with white and red peiicarp was also made The rice was carefully separated from 
the husk and weighed before and after polishing The red paddy shewed 23 93 
per cent of husk and 3 53 per cent of pohshings The white paddy showed 24 12 
per cent of husk and 4 0 per cent of polishings The percentage of pohshings calcu- 
lated on rice showed 5 29 in white and 4 63 in red rice 

The pohshings obtamed from ‘ atap ’ as well as from parboiled iice were also 
examined by the coloiimetric method One gramme of pohshings w'as mixed with 
9 grammes of polished and washed rice of known colour-index and the colour-value 
of the polishing was calculated from the final result 

The feeding experiments were earned out with munia {Muma maja and Muma 
leucogastroides) birds available in the local market They were small birds of the 
size of a sparrow with red beak and greyish body The diet generally given to them 
13 ‘ kangni ’ or Italian millet (Setana itahea) but they ate the coarsely powdered nee 
grains Six birds were kept as control on a diet of the millet and sets of six birds 
were given the difierent samples of rice To avoid too much delay, the twice-hulled 
samples were used and compared with the polished and washed ones 

Several hours bofoie death, the birds showed ruffled feathers, and shortly before 
death the symptoms were drowsiness, hopping with difficulty, difficulty in breathing, 
panting and paralysis of the head muscles, the head drooping forwards oi turned 
backwards 

One of the dying buds was saved by feeding with a solution of vitamin B pre- 
pared more than a year ago 


Tabib I 

Showing the loss in the colour-index of led and ichite nee during its 

'pre'pm a Hon 


iJescnptiou of nee 

Colour 

inde\ 

i 

j A\erage 

White pebicabp 



Parboihi (milled) 


1 

Once liulled 

197 11 

1 


Twice hulled 

1G4 6") 

i 

■ 173 SI 

Thrice hulled 

159 65 

1 

1 


Polished 

121 53 


Polished and washed 

310 



Dcbcnption of nee 

Colour 

indo\ 

A\crage 

White teeicakv— cohW 

‘ -itap ' (sun dned, 
indlcd) 

Onco hulled 

191 9 


Twice hulled 

139 2 

. 150 65 

Thrice hulled 

120 85 


Polished 

78 S3 


1 Polished and washed 

1 37 55 









H If' Acton, S Ghosh and A Dutt 


105 


Table I — concld 


Dcscnptiou of nco 

1 

Colour 
iudt\ ' 

1 

, Avengo 

1 

Dcscriplion of nee 

Colour 

index 

Aveiaf,e 

1 

WulTi. TEKICAUl — COIlcld j 

1 

i 

Urn PEBicAKP — concld 



Paibuilcil [‘clhciiki’ 
(hind)] 

j 1 

j 1 

1 

‘ Itaj) ’ (sim dried, 
milled) 



Onto hulled 

^ 2<il 

1 


Onco hulled 

202 85 

' 

Twice hulled j 

ISS j-i 

1 

■ ISS 30 

Tuico hulled 

166 8 

■ 172 37 

Thrice hulled i 

17a 77 



Thricc hulled 

147 40 


Polished j 

lil I 

1 


Polished 

79 65 


Uld pekio vnr ^ 

' 1 

t 


Polished and u ashed 

37 05 


Parboiled (nulled) 

Once hulled j 

1 

17SS5 


Parboiled dhcnki ’ ; 

(hand)J 1 

1 



Twice hulled 

U'?7 

153 50 

Onco hul'ed 

201 0 

1 

Thrico hulled 

1 


Tuico hulled 

191 4 

> 184 2 

Pohshed 

119 85 

1 

1 

Thneo hiillul 

159 S 

1 

Polished and m ashed 

8105 

i 

Polished 

120 5 



Table II 


Showing the obsened and calculated coloiii -index of ,ice poliAiings 


Polishings from 

Colour indei of 
10 grammes of 
diluent rice 

Obsened colour index , 
axeragp of 2 expon 
nionts 

1 

Cahiila^ed colour index 

1 of 10 grammes of 

polishings • 

White parboiled nco 

34 0 

1 

1 94 2 

635 

Red parboiled nco 

33 0 

1 

74 35 

I-tl 

lute ‘ atap ’ rice 

37 5 

1 

132 25 

985 

Red ‘ itap ’ rice 

37 0 

121 8 

8 ’5 

i 
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Table III 


Showing the ejfect on muma (Munia maja and Murua leucogastroxdes) huds 
when fed on millet gjaiboiled and sun-diied nces 


Number of 
burds used 

Pood given 

Dates of death 

Remaeks 

G 

Millet 

All living on the 30th 
day 

Conti ol 

6 

Milled, pirLoilcd, uhite, twice 
hulled 

Do 


6 

Milled, parboiled, white, pol 
ished 

Do 


6 

Milled, parboiled, red, twice 
hulled 

Do 


6 

Milled, parboiled, red, polished 

Do 


0 

Milled ‘ atap ’ (sun dried), white, 
twice hulled 

0th day — one dead 
11th day — two dead 
12th day — one dead 
17th da> — one dead 

Total deaths 7 Average 
death time 12 day® 

G 

Milled ‘ atip ’ (sun dried), white, 
polished 

Sth day — two dead 

9th day — two dead 
nth day — two dead 

Total deaths 6 Average 
death time 10 days 

6 

Milled ‘ atap ’ (sun dried), rod, 
twice hulled 

9th day — one dead 
11th day — two dead 
13lh day — one dead 
16th day — one dead 

ISth day — one dead 

Total deaths 6 Aveiage 
death time 13 days 

6 

Milled ‘at VI)’ (sun dried), red, 
polished 

10th dav — three dead 
11th day — one dead 
13th day — two dead 

Total deaths 6 Average 
death time 111 days 

4 

i 

Milled ‘ atap ’ (sun dried), white, 
polished and washed for 4S 
hours 

3rd dav — one dead 

6th day — one dead 

7th d ly — two dead 

Total deaths 1 Average 
death time 5 7 days 


It ill bo seen that only the birds fed on sun dried rice died 


Bism^sion —A peinsal of the above tables shows some mterestjng points 
TT +L A "pftpot of hullin" polishin" is quite evident In e\ ciy sample, mill oi 

’ wttfoTi^e^^^^^^^ there IS dways a regular ^ ’h f the 

ahenki > “I, f of hullino and polishing The ehcc t ot en<-- 

coloiii-indeA ^ theie is a ^ eiy big diop in tl.e colom-, 

u ashmg IS mos icfvery much more marked m the cast of ‘ atai 

the eftect of polishing is ver) mue , 
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the case of paiboiled samples The average diop in the foimei case is from about 
161 to 79 and in the lattei case fiom about 175 to 121 ‘ Atap ’ iice is generally 

brittle and its peiicaip can be easily detached fiom the grains and thus the colour- 
index IS likely to fall lapidly In paiboiled nee the vitamin B, being watei -soluble, 
may partially penetrate the grams Steaming and boiling may also make the srains 
moie stiff on diying and the pericarp is likely to adhere to the surface more firmh 
The difference in vutamin B content of ‘atap’ and of paiboiled rice would also 
account for the difference in their respective polishimis One should thus expect 
that the polishings from ‘ atap ’ rice would be richei m vutamm B than those from 
parboiled iice The experimental lesults coiroborate this view The feeding 
expel imeuts also confirm some of the results of the colorimetric method The 
birds fed on paiboiled ricc did not die up to the 30th day The average death time 
for birds fed on ‘ atap ’ rice fell with the colour-index as shown in Table III, 
while the av'^eiage death tune of buds fed on polished and washed ‘ atap ’ 
showed the lovs est value consistent \\ ith the verj low colour-index It will not, 
howev^er, be safe to conclude from the small number of feeding expeiunents that 
there is any stiict quantitative vaiiation of the colour-index with the vitamin 
B content although the experiments point to some amount of correlation If, 
however, we admit the corielation shown b} Spruvt, the present results will 
enlighten us on man} problems connected with Indian rice 


Ghosh, S , and Dutt, A (1933) 
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SOME APPLICATIONS OF QUANTITATIVE SPECTROSCOPIC 

ANALYSIS 

BY 

I i£UT -CoLONEi T C BOYD, r I c , I M p , 

AND 

N K DE, M sc , 

Ttesenrch Warier, I B F A 

(From the DepmtmenI of Chennshy, Medical College, Calcutta ) 

[ Recei\ed for jiubhcatWB February 17, 1033 ] 

In a previous paper (Boyd and Do, 1933) we Lave dealt with some of the 
aspects of qualitative spectroscopic analysis m connection with biochemical 
research In this paper we shall consider this type of analysis applied 
quantitatively to two pioblems that we have been investigating, namely, the 
estmidtion of lead in urine and the estimation of manganese in certain food-stuffs 
and organs 

Quantitative spectrographic analysis which originated with Hartley has within 
lecent years been developed enormously, particularly in metallurgical practice and 
several methods of application are now available such as the Merton Wedge method, 
the logarithmic sectoi method, and, the simplest of all, the line intensity method 
It IS with the latter that we shall deal with m this paper 

Line intensity method of quantitatiie spectral analysis 

The principal of the method is based on the assumption that according to the 
concentration of a constituent-element in a mixture, so should the intensity 
of the spectral lines vary when the substance is excited in a suitable manner 
If argued on a purely physical basis this assumption is not quite correct, but it has 
undoubtedly a great practical value We may row proceed to describe the method 
as applied to the two problems noted above 

Part I. 

The quantitative analysis op lead in urine 

We took up this problem as we had already devoted much time to it, using 
microchemical methods and we were thus m a position to compare results obtained 
by quite different methods of analysis 
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Desceiption op the method 

Standaid plates were first prepared sliowmg tire line intensities obtained from 
various known amounts of lead To prepare these we first expeiimented with known 
solutions of lead nitrate and precipitated the lead as a sulphide , but ouing to the 
uncertainty of actually precipitating all the lead by this method we abandoned it 
and proceeded instead to employ known dilutions of lead acetate v/hich were dii.ed 
out direct on the water-bath, adding fiist a Lttle puie sodium chloride to inciease 
the bulk of the residue This residue was then transferred to a suitably prepared 
H S brand graphite electrode, and the arc struck, using a current of foui 
amperes at 220 volts The time of exposuie was thirty seconds The plates used 
were Ilford Iso/enith, speed 700 To guard against impurities in the electrodes, 
preliminary blank spectrographic examinations were carried out using a more 
powerful current and a longer exposure 

Dining the preparation of the standard plates we obtained the following 
results The S U lines (Twyman) of lead are invariably present wuth 0 0001 
milligram of the metal, in many cases we found the lines to persist up to 0 00001 
milligiam, while occasionallv we have detected them in 0 000001 milligram 
Plate V shows a print taken from one of these standaid plates with (he dilutions 
noted 


Preparation oe the urine for analysis 

Two methods w'ere employed , for vei y small amounts we used direct aslring but 
for larger amounts we acidulated the sample with acetic acid and electiolyticallv 
deposited the lead on a platinum electrode , we added one c c of pure glacial acetic 
acid per 100 c c ot the sample and electrolysed the solution for three and half hours 
using a current of 0 35 ampeies , the deposit on the platinum electrode was subse- 
quently removed by treatment with pure acetic acid, and the solution so obtained 
was dried on the water-bath, adding a few drops of sodium chloride solution to 
increase the bulk The residue was used for the analysis 


Analytical results 

In a previous paper (Boyd and Ganguly, 1932) we have shown that the 
amount of lead present in the urine of the average European m Calcutta 
was far higher than that obtained from urine of Indian sources By the 
spectroscopic method described above we found that we could not ordinarily 
detect the presence of lead in 20 c c of Indian urine IVe frequently, however, 
detected it in 60 c c and found it invariably present when we used 300 c c The 
characteristic line 2833 A XJ showing up clearly Plate V shows some of our 
results and clearly demonstrates the marked difference in the intensities of 
the lines Quantitative results obtained by comparing the intensities of the 
lines against the prepared standard plates gave the following results The 
amount of lead present in 300 c c of Indian urine corresponds to the line on the 
standard plate given by 0 0001 milligram of lead while the amount found m a sample 
of 100 c c of European urine corresponded to the line produced by 0 001 milligrams 
of lead or 0 04 mg per 1,000 c c of average European mine as against 0 0003 
mg of lead per 1,000 c c of average Indian mine 



Plate V 

Spectia taken uiili various dilutions of Lead also mill Elcclrolytical deposits Jiom dijfaent volumes of urine 

(1) Region-3700— 2G00 A U 

(2) (3) OKS) (6) (7) 



in i'lato V important iv U lines of iPad are marked and their wave lengths are noted Note the line 2833 07 This 
being most persistent gives the quantitative data 


' Plate VI 

The plate shows spectra of s hnown dilutions of manganese chlonde, also spectra 
of some important human organs and Indian foodstuffs 
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RUMMAR^ AND CONCl USIONS 

There can be little doubt that the spectroscopic method of tesnne; urine, for the 
presence of lead, is cxtraordinaiih useful , perhaps one of the drawbacks is its 
extreme son'=’itiveness Hoisevei, nowadajs as the picsence of lead m urine has 
assumed a pioper peispective this fault may be dismissed From the quantitative 
aspect ue consider the method extrerael} convenient and sufficiently coriect to be 
of the greatest practical utilitc . provided sufficient care is taken in a\ oiding possible 
fallacies such as may occur nith impuie electrodes, etc 


Part II 

QuANTITATICE ESTIAIAUON of MaNGANESF. 

The estimation of this element has recently assumed great importance in 
biochemical reseaich, due to the fact that it has ahvavs been ^oiind to be present m 
living tissues and is partic daily marked where life changes are occuriing and also 
where vitamins are pi esent— points bi ought out by Colonel McCairison and based 
on analysis by Eeiraan, Minot, Beitrand and Rosenblatt AMieat is particulaily 
rich in tins element, especuU) the oiitei layers Accoiding to estimations carried 
out by Dr Norris the whole giain contains 4 8 milhgiams per 100 grammes of 
the dried material Paddy on the other band appears to be very poor lu this 
clement 

The work of Bertrand and Rosenblatt supplied us willi analytical data concern- 
ing the quantity of manganese present in some of the most important organs which 
we quote Liver 0 17 milligrams per 100 grammes of fresh tissues, kidney 0 076, 
pancreas 0 061, muscle, brain, heait, lungs, stomacliand spleen contain considerably 
less (from 0 014 to 0 032 mg ) Blood also contains a fairly constant concentration 
in health As the subject theieforc appeared to be of some importance we con- 
sidered that it would be suitable for the application of the spectroscopic method 


Technique 

Known weights of difierent substances were ashed m platinum and the total ash 
collected Twentj milligram' of these ashes from the different samples were filled 
into the bored crater of the positive electrode (Graphite H S brand) and the spectrum 
taken by the arc method The current used was 6 0 amperes at 220 volts and the 
tune of exposure one minute m each case The results obtained weie compared 
against standard plates prepared by one of the following methods — 

(1) By adding drops of known strengths of manganese chloride solutions on the 
electrodes 

(2) Dijing out solutions of manganese chloride of known strengths with the 
addition of pure sodium chloride to give it the necessary bulk aud placing this lesidue 
m a cored electrode 

Method (2) gave much the best results as wo were able to find the manganese 
triplet well marked m veiy low dilutions (disappeaiing at about 0 000001° mg ) 
The standard plates so prepared are show n in Plate VI 



112 Some Apphcaho7is of Quantitative Spechosco]^ Analysis 

The manganese triplet lines 4034 45, 4033 07 and 4030 7G A U which are the 
most sensitive E U lines of the metal weie used foi comparison against the 
standard plates The quantitative results obtained are given in the following 
table — 


Tabie 


(a) Human oigam 


Substance 

Weight of 
fresh materials 

(t 

Q 

Total 

*i8h, 

nig 

Speetial 

coincidence 

at 

Manganese 
per 100 gs of 

1 sulistance, 
mg 

Li\er 

bO 

305 

0 01 

0 21 

Kidney i 

45 5 

467 

0 001 

0 052 

Pancreas 

08 

232 

0 005 

0 087 

Spleen 

514 

651 

0 0005 

0 03 

Brain 

42 

595 

0 0002 

0 014 


(b) Indian foodstuffs 


Snl stance 

Weight of 
fresh materials, 

cr 

r* 

Total 

ash, 

mg 

Speetial 

coincidence 

at 

Manganese 
pel 100 gs of 
substance, 
mg 

Wheat 

40 

928 

1 

0 05 

0 8 

Atta 

40 

! 765 

0 05 

48 

Rieo (polished) ' 

70 

294 

0 01 

0 2 

Chola dhal 

50 

76 1 

0 01 

0 76 

Masun dhal 

50 

700 

0 01 

0 70 

Beiili dhal 

70 

1,042 

1 0 005 

0 485 

Mug dhal 

05 

1,605 

0 001 

0 12 

Arhar dhal 

60 

1,210 

0 0005 

0 06 

Potato j 

> 0 

'21 

0 001 

0 043 
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(c) Indian food-stw;Qs 


Substauco 

Spectral coincidence 
at 

Percentage of 
manganese in the 
ash 

Pallong shak 

0 001 

0 005 

Puin shak 

0 001 

0 006 

Bnujal 

0 0006 

0 0026 

Ladies’ fingers 

0 0001 

0 0005 


Summary and conclusions 

Parts I and II of the present paper show some practical applications of 
quantitative spectral analysis, which deserve consideration, particularly, when 
apphed to biochemical problems The method is much moie rapid and searchmg 
than a detailed chemical analysis, and can moreover be apphed to very small 
amounts of materiah a point which is often of the greatest importance As regards 
the question of the quantitative estimation of manganese, the contents of the 
\arious substances examined appear to agree fairly approximately with those 
obtained by chemical analysis where the figures are available Spectrographically 
we have found that wheat and atta seem to be comparatively rich in the metal, 
while rice on the other hand is poor and it is of interest to speculate on Colonel 
McCarrison’s theory that perhaps the manganese content of a diet plays an 
important role in the physical build of different nations, e g , Sikhs as compared 
with Bengalis, consuming different kinds of food-stuffs 


Lastly, our thanks are due to Professor Sir C V Baman, p r s , N L , and 
Dr B Chakrabartty, Chemical Examiner to the Government of Bengal, for their 
interest m the work and kindly aUouing us the free use of then laboratories 
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The age distribution in every country follows a definite tendency which practi- 
cally remains unchanged (vide Charts I, II and III) unless disturbed by unusual 
happemngs such as pestilence, famine, warfare, and the like The impressed 



Chart I 

Act DisrR(euTlON of theCcnsus Population 
Indian Males 




« » » • 0 » > w it* t* >• n J» w M tMA so 5J i\, kO 

variations that result from such catastrophies persist only so long as the groups 
affected thereby continue to remain in existence and revert ^adually to the 


♦ Read at the Indian Science Congress, December 1932 

( H5 ) 
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Normal Age Bistnhution in India. 
Chart II. 


Age dxst'iihutton of j)opulahon of Amste) dam. 



Age in years 

(Reproduced from Pearl’s ‘ Medical Biometry and Statistics f ) 


Chart III. 

Age dtstnbiihon of Bengal males 



Number livmg betiveeii s -f- x -p 6 at each census after adjust^ 
ment of minor errors of age (based on Meikle’s figures). 
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normal course as tlie groups begin to clear out from llie stage of life These two 
features of ago distribution, namely, its tendency to be stable under normal 
conditions and its inherent inclination to revert to this condition if disturbed 


Chart IV 

Stable age dislnbuiton of population of England 
and Wales 



a, 3 RJie. 

Stable age distnbution, as exemplified by the population of 
England and Wales m the decade 1871-1880 
(Reproduced from Lotka’a ‘ Elements of Physical Biology ’ ) 


therefrom {mde Chart IV), have enabled us to evolve a scientific method foi 
ascertaining the true age distribution of a given population, when only the census 
total is available By elaborating this method with the help of the principle 
underlying the formula of Lotka regarding the relation of births to age distribu- 
tion, we feel we have discovered a simple and reliable method of ascertaining 
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fehe correct age distiibutiou in any given population The details of the method 
as well as the advantages of its application are dealt with below — 

Basis of the foi mula — 

Growth function F = = the rate of increase ot the mass a = TJ — - V, 

when U is added to the mass pei unit of time and V is eliminated therefrom 
pei unit of time 

Giowth of aggiegates 

If N IS the numbei of individuals and m is the aveiage mass pei head, wc 
have total mass z—niN 


By diffeientiating 


dx dN 
dt ~~ dt 


+ N 


dm 

dt 


If th e average mass is constant, the second term of the right hand drops 
out and we have simply 


dx 
dt 
d^i 


1H- 


dt 


( 1 ) 


Now , the rate of incieaae of the numbei in the aggregates, naturally 

indicates the excess of the newly foimed individuals (B) pei unit of time over the 
numbei (D) eliminated thcrefiom per unit of time, i e , in a population of living 
orgamsms 

if B — Total biith pei umt of time and 

D — Total deaths pei unit of time, we have then 


d'N 

dt 


B — J) — (b—d) N (n) when h and d indicate birth 

and death per head per unit of time 


Now substituting (ii) in (i) 

We have ~ =(B — D) m (in) 

dt 

1 e , the rate of increase of a mass z 

= total addition pei umt of time 

— total elimination pei unit of tune 

— total births — total deaths per umt of time 
= (biith rate— death rate) X total numbei 

Now, if we analyse a population in a selected locality undei essentially 
constant conditions of life and if we denote lx. survivoi to age z out of an ongma 
batch of lo counted at birth, we have then 

^ called the suivival factor and denoted by p(a) 
lo 

lx lopiN) ' « • . (nO 



Log j)(x) 
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We know the force of mortality \ix at age x measures the death rate per head 
in a population composed entirely of the individuals of age x, hence 

dJx j 

- \ix lx or 

diz d logc 

i7~ ^ 

Now the relation of jj(a;) with — when the force of mortality is independent 

of age 

Law of organic growth is 

la = lo X e “ * or e ' ^ = p(x) 

iQ 

Taking log, — ]ix = loge p(a-) 

Difierentiatmg 

Now if we put this p{x) on a logarithmic paper a straight line is obtained as 
shown in Diagram 1 


Diagram 1 Diagram 2 



Now as log p{x) is proportional to x, when ]i is supposed to be constant, the 
graph showing the variation of log p{x) with x must be a straight Ime passing 

through the origin and ^ is represented in the figure by the tangent of the 

(t3j 

angle of inclination of the Ime to the abscissa 


ASYMPTOTE 
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We know that the foice of mortality is not independent of age but vanes very 
decidedly with age It is very high in infancy, decreases in early childhood until 
it reaches a minimum at about the twelfth year of lif*^, and finally increases 
continually to the end of the life span 

Therefore, in the actual case of an aggregate of human population, the graph 
will not be a straight line but will be curved as shown in Diagram 2 with a point of 
inflection at x—12 and the line a;=100 will be asymptotic to it 

Now what IS the relation of normal age distribution to birth ^ According to 
law of organic growth P(_o=Pi e~>'^ f(a) when e-*-« is a die-away factor 
Now births of 1921 = biith rate pei head X total population of 1921 
= birth rate pei head X total population 1931 X e"’'® 

Age distiibutiou at 10 in 1931 
— total births of 1921Xp(10) 

= bnth rate per headx total population 1921xj!i(10) 

= „ ,, X total population 1931 Xp(lO) 

Age distribution per head at 10 m 1931 

= birth rate per head 1921 X X p(10) 

or 0 (a) ~ba X X p(a) when 

c (a) — age distribution in tune t at a age per head, 
ba — bnth rate in the yeai t — a per head, 

^(u) — smvival factor at age a, and 

?, — rate of increase per unit of time, a constant whose value is to be 
found out 


How can the constants he deduced ? 

(a) Rate of increase r — ^Foi example let us calculate the normal age distribu- * 
tion of India, assuming that the umt in which t is measured is one year and that 
the origin of the year is 1881 The value of i or rate of increase can be found thus, 
when P^ = Population in 1931 and Ft- a = Population in 1881 or a = 50 

We know P/ = Ft- a o’"® 

Ft P 1931 
or - p 

01 ^ = 0 002953986 

Fiom this the succeeding values of e”™ can be easily derived when a 
varies {see Table VII) 

Similarly, the other values of ? for eveiy ten years can be calculated by takiug 
a— 10, 20, 30 and so on up to 50 years, and then interpolating the values of e~''“ for 
every individual yeai {see Table VIII) But foi periods over 50 years it will imt 
be far fiom the tiuth if we take the rate of increase to be the same as that already 
worked out for 50 years 

{b) Survival factois oi p{a ) — Now legaiding the values of p{a) oi survival 
factors, we can find them out directly from the lx column of any standard life 
table or we can make a mortality table of our own from the latest moitality figures 
from Vhich we can calculate the suivival factors I have utilized the mortality 
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figures of IMeikle (1921) which are supposed to he the latest reliable figures and 
have also drawn a specific death-iate curve and also a cur\e of survivors which are 
shown in ChartsV and VI for the whole of India Ifrom these I have compiled 
a mortality table as shown in Table IX The lx column of this table gives the 
survival factors per 10,000 As regards the figures above the age of 70 which 
we do not obtain from Meikle’s book, I have utilized the figures of Acland 
(1913) in order to complete the curve 

(c) The next constant to be consideied is bt) th i ate ‘ b ’ per umt of head 
Acland {loc cit ) in his actuarial report on the census figures had show n that there 

15 an omission varying between 7 and 8 per mille for birth The result of special 
inquiries m Bengal suggests that about 25 per cent of deaths remain unreported 
and the omission in the recoid of births is generallv between 1 and 2 per cent more 
than in the case of deaths Agam, while reviewing the vital statistics of the Punjab 
Mr Jacob states that the birth rate IS 18 per cent in error As a result of the various 
tests that have been made and of the general experience of those who are m the best 
position to estimate the value of these records, the following conclusions have been 
arrived at — 

(I) Omissions in the recoids of the number vaiy up to about 20 per cent 
(II) Kecord of births is normally less accmate than that of deaths 

Analysis of the figures obtained by the special investigation undertaken by the 
Government of Behar and Orissa, reveals the fact that the omission m the record 
of birth IS about 17 per cent while that of death is about 15 5 per cent {vide Appendix, 
—Actuarial Keport, 1926) We all know that the natural increase of the population 
may be represented by the excess of births over deaths (emigrants and immigrants 
being excluded from the enumeration) Now from the year 1921 to 1931 birth 
rate m all India is 34 30 per mille, and death late is 26 48 per mille, so the natural 
mcrease may be put down at 8 22, whereas the actual increase will come up to 9 33 
per mille Therefore the recorded number of births and deaths must have been 

16 18 per cent less actually, and if we assume that the record of omission in the case 
of births IS 1 5 per cent more than that in the case of deaths, then the actual 
birth rate should be 17 16 per cent more than that of the recorded rates So the 
graduated figures of the recorded birth rates from the year 1900 to 1930 will, after 
coriection, yield a curve from which the actual figures can be deduced The 
figures so deduced have been found to tally with those of Hardy (1905) for 
the year 1901 and those of Acland for the year 1911 (Acland, 1913) The 
percentage of omissions in the recording of births and deaths has also been 
corroborated by the application of the formula on the basis of the known 
standardized age distributions for 1911 and 1921 

The constant v the va'iying rate of increase — The question of constant rate 
versus varying rate, though discussed in the actuarial reports, stdl remains an 
open one Hardy {loc cit ) adopted the constant rate of increase in calculating 
the age distribution in 1910, but Acland (foe cit ) who submitted the next 
actuarial report adopted a different method As regards the Punjab he worked 
on the basis of constant rate, while for other provinces he adopted the variable 
rate Meikle (loc cit ) has combined the two methods and accepted the 
mean figures resultmg from the same He has stressed the difficulties of 
verifying the figures in either of the methods on account of the unreliable 
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nature of ceusus figures and is of opinion that the results anived at by 
their combination aie far more likely to be neaiei the mark than those given 
by them separately To us it appears that theie will be very little difi:ercnce 


Chart V 




An-n-uat 'Vnortalil^ voks 'fk'ou.^js.Tid- 

oX ail 5'-ndi‘^ 


Chart VJ. 
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m the lesult if eitlioi of the two methods is lelied upon as a basis foi calculation, 
but the idoptioii of tlic constant rite appears to be moie desirable m view of the 
fact that during the period undei coiisideiation, i e , fiom 1921 to 1931, factors 
causing fluctuation mage distribution (e g , famine, epidemics, etc ) u ere practically 
absent In our calculations we have taken the view that the constant rate 
remains practically unchanged for a decade after which allowauce ought 
to be made foi some variation in it which will continue to be the same for 
the nc\t ten years Thus the constants aie alwiys foi one decade only and 
are assumed to vary from decade to decade, the reason for this being that 
the fluctuating factors like epidemics, famine, etc , are usually found confined m 
their effects almost to ever} ten years, so that some allow ance for these effects appears 
to be necessary at the end of each decade 


Possible age dislnbutton oj census enuniei ation, 1931 


Now as regaids the possible age distribution of the census figures of 1931, this 
can be done in two wavs, bv the application of the mis-statements of age as given in 
Meikle’s last actuarial report to ‘ normal ’ age distribution figures as calculated 
by our method or b} the application of ratios deduced from previous census figures 
to the figures of 1921 We have not adopted the first method as there is no means 
b} winch the data can be checked The second method on the other hand is a simple 
one and requires no verification of these data as they are all taken from the previous 
census reports (see Tables I aud II) The method by which the ratios are obtained 
may be explained by means of an illustration Suppose X represents the number of 
people from 0 to 5 m 1911 aud Xj of people between 10 and 15 in 1921 If we now 

divide the second bv the first, will represent the ratio of the variation 


for the first quinary group in the second decennium The ratios m respect of all 
other qmnary groups in the preceding decenniums have been obtained in exactly 
the same way and subsequently the ratios thus obtained for each quinary group 
have been graduated for ascertaining the ratios for 1931 (vide Tables IV and V) 
The ratios so obtained have been applied to the age distribution figures of 1921 in 
order to get the possible distribution figures for 1931 (vide Table VI) As 
regards the S.ndmg out of the figures between 0 and 5 we have only to appl} the 
method of finding out the ‘ normal ’ age distribution figures and then apply the 
correction factor for mis-statement of age Lastly, we determine the quinar} 
group for 5 to 10 by noting the balance Kefereuce to Tables TV and V will be 
found helpful in this connection 


Noi mal age distribution of India 

N 01 mol age distnhution is generally calculated on the assumption of a fixed 
birth rate and a constant rate of incre^ise The figures are generally in five or ten 
year groups In Table VIII we have worked out the normal age distribution of 
India (1900-1931) on this basis We have also given in Table VII the normal a"e 
distribution foi the yeai 1931 after allowing for the fluctuations in the birth rate as 
well as in the rate of increase foi every ten years It will be seen from a comparison 
of these tables for the first 30 yeais, that the figures show a maiked difference which 
can be accounted for b} the huge loss of children under 15 due to the epidemic of 
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influenza tliat pievailed at the tune and by the severe reaction that it must have 
had on the birth rate Another interesting fact brought out is that the distribution 
of 1900-1931 actually lies within the limits of the means found in Table III when 
studied in broader groups— such as 0—15, 15—50, and 50 up This clearly shows 
that the normal age distribution follows the well-lcnown principles of Sundberg 

Before concluding it seems desirable to say a few words by way of justifying 
the con echon factor which we have adopted in the case of birth rates The difierence 
between the actual biith and death rates repiesents the natural increase in the popu- 
lation If the actual inciease be known then the correction factor becomes quite 
apparent The figures obtained by the application of the same formula to other 
periods have been found to tally ivith the findings contained in the Government 
actuarial report Moieovei, the most unstable period is that between 0 and 15 and 
the figures for these periods, as obtained by the method explained above, being 
quite reliable, any subsequent application of the same for determimng othei 
figures may be safely relied upon As regards the suivival factors the important 
period is that between 0 — ] 5 This period bemg most unstable, the latest 
mortality figures have been utibzed for the purpose of evolving specific 
death-rate curve and consequently it may be presumed that it represents 
perhaps the closest approximation to the true state of things 

Summary and conclusion 

In the foiegoing pages a detailed description of a foimula for deteimining the 
approximate age distribution in any population group is given It will be evident 
from a study of it that when real birth rates and true survival factors are available, 
the actual age distribution of a population can easily be determined by the applica- 
tion of the formula This formula not only enables one to predict the age distribu- 
tion long before census details aie available, but also helps m the checkmg of the 
correctness of census figures as well as in the obtaining of a true picture of the actual 
state of things Fiom this one ventures to presume that the formula will have a 
wide practical application and will be of special benefit to those who wish to make 
advance plans and estimates foi future population groups m the matter of education, 
labour, town-planmng, sanitary reforms, life insurance, etc 
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Table I 


Age disti ibution of census lepoiis {males) 


Ages 

IbSl 

1891 

1901 

1911 

1921 

0—5 

1,318 

1,109 

1,254 

1,327 

1,202 

5—10 

1,432 

1,428 

1,394 

1,383 

1,471 

10—15 

1 1.214 

1,139 

1,264 

1,245 

1,165 

15—20 

811 

800 

866 

848 

842 

20—25 

799 

803 

787 

822 

775 

25—30 

896 

SOI 

879 

896 

866 

30—35 

835 

859 

848 

829 

825 

35—40 

587 

599 1 

609 

1 622 

636 

40—45 

642 

657 1 

649 

634 

621 

45 — 50 

344 

354 1 

1 370 

380 

i 392 

60 — 55 

436 

437 

437 

432 

434 

55— GO “ 

101 

165 

177 

177 

185 

60—05 


[ 

r 

257 

266 

65—70 

V 475 

i 480 

466 

83 

81 

70 aud over 

1 

! 1 
1 

1 1 

I 

145 

160 


Table II 


Age distribution of census reports {females) 


Ages 

1 

1881 

1S91 

1901 

1911 

1921 

0 — 5 

1,417 

1,527 

1,339 

1,433 

1,316 

5—10 

1,383 

1,391 

1,382 

1,383 

1,494 

10—15 

1,006 

946 

1,082 

997 

1,081 

15—20 

729 

811 

835 

826 

815 

20—25 

905 

897 

892 

930 

881 

25—30 

925 

904 

895 

909 

885 

30—35 

881 

846 

851 

835 

833 

35-40 

527 

555 

557 

556 

565 

40—45 

645 

626 

652 

631 

621 

45—50 

•"IS 

323 

339 

338 

346 

50—55 

464 

426 

452 

444 

438 

55 — 60 

157 

170 

169 

164 

168 

60—65 

] 


7 

305 

298 

65—70 

V 590 

573 

565 J 

78 

79 

70 and over 

) 


t 

175 

ISO 



126 


Normal Age Bistnhution %n India 

Table III 

Analysts of census figures^ 1881-1921 


Ages 

1881 

1891 

0—16 

3,96-1 

1,976 

16—25 



26—35 

1 

1,781 

' 1,720 

15—60 

1,671 

' 1,610 

50 and over 

1,072 

1,085 

16—50 

4,961 

4 942 


1901 

1911 

1921 

Mean 

1,912 

3,875 

3,918 

39 29 

±0109 

1,728 

1 

1,725 1 

j 1,690 


1,628 

1,616 

1 1,649 


1,080 

1,004 

1 1,126 

1 

1 

1 

10 914 

±0 106 

5,009 

1 0,071 

1 

4,956 

1 

49 80 

±0 216 


Table IV 


Ratios of 


X 


(males) 


Ages 

1881-1891 

1891-1901 

1901-1911 

1911-1921 

1921-1931 

1 

0 — “5 

0 865 

0 897 

0 929 

0 938 

0 950 

6—10 

0 565 1 

0 580 j 

0 606 

0 60S 

0 612 

10—15 

0 661 

0 691 

0 660 

0 660 

0 870 

15—20 

1 061 

1 086 

1 074 

1 

1 020 

1 012 

20—25 

1 075 

1 066 

1 048 , 

1 003 

1002 

26—30 

0 668 

0 707 

1 

0 707 1 

0 709 

1 

0 710 

30—35 

0 742 

0 755 

J 

0 747 

0 749 

0 750 

35—40 

0 603 

0 617 

0 623 

0 630 j 

0 637 

40—45 

0 671 

0 665 

0 065 

0 684 

0 690 

45 — 50 

0 479 

0 500 

0 479 

0 486 

0 490 

50 — 55 



0 588 

0 616 

0 620 

65 — 60 



1 

. 0 468 

0 437 

0 4.50 

60—65 

1 





65 and over 













H P Ohaiidlmn 


127 


Table V 


X 

Bnlio "^{females) 


Agea 

ISSl-lSOl 

1891-1901 

1901-1911 

1911-1921 

1921-1931 

0 — 5 

0 666 


0 744 

0 753 

0 765 


0 58b 


0 599 

0 589 

0 598 


0 891 


0 883 

0 883 

0 891 

15—20 

0 934 


0 937 

0 895 

0 954 

20—25 

1 160 


1 000 

0 995 

0 895 

.25—30 

0 bOO 

0 GIG 

0 621 

0 621 

0 624 

30— 3> 

0 710 

0 710 

0 741 

0 743 

0 730 

35 — 10 

0 612 

0 60S 

0 606 

0 622 

0 630 

40—45 

0 600 

0 722 

0 679 

0 694 

0 700 

‘lo— oO 

0 534 

0 521 

0 483 

0 497 

0 600 

50 — 55 




0 672 

0 680 

55—60 




0 481 

0 485 

60—05 




0 590 

: 0 660 

05 and over 





1 

1 


Table VI 

Possible age dtihibutiov of census ‘population, 1931 


Ages 

Males 

Females 

Total 

0—5 

mm 

— 

■Hgi 

5—10 




10—15 




Totals 

3 906 

3,874 

3,890 

15-20 

846 

816 

833 

20—25 

834 

942 

888 

25—30 

869 

879 

869 

30—35 

778 

786 

782 

35—10 

615 

562 

583 

40—45 


622 

620 

45—50 


356 

1 

381 

Totals 

4,956 

4 956 

4,966 

50 — 55 

428 

434 

431 

55 —60 

192 

176 

183 

60—65 

269 

298 

284 

65—70 

83 

82 

S3 

70 md up 

166 

180 

173 

Totals 

mm 

1,170 

1 154 

Ghand Totals 


10,000 

10,000 
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Normal Age Distribution in India, 


Table VII 


‘NotmaV age distribution (1932) 


Age 

Birth rate 

After correc- 
tion 

- ra 
e 

p{a) 

Estimated 

0 

30 78 

43 03 

1 00000 

1 0000 

4,303 

1 

30 50 

42 70 

0 99034 

0 7390 

3,126 

2 

35 47 

41 50 

0 98077 

0 6797 

2,766 

3 

36 78 

43 03 

0 97130 

0 6391 

2,671 

4 

35 27 

41 26 

0 96192 

0 6122 

2,430 15,295 

5 

34 77 

40 68 

0 95263 

0 5926 

2,296 

6 

33 65 

39 37 

0 94342 

0 5784 

2,148 

ft 

i 

34 43 

40 30 

0 93432 

0 5674 

2,136 

8 

35 06 

41 02 

0 92529 

0 5577 

2,117 

9 

31 85 

37 26 

0 91635 

0 6493 

1,875 10,572 

10 

31 97 

37 40 

0 91136 


1,868 

11 

32 98 

38 58 

0 90642 

mgsm 

1,908 

12 

30 24 

35 38 

0 90149 

0 5456 

7,766 

13 

35 35 

41 36 

0 89659 

0 5445 

2,019 

14 

39 33 

46 01 

0 89172 

0 5432 

2,22S 9,789 

15 

37 13 

43 44 

0 88637 

0 5417 

2,087 

16 

37 82 

44 25 

0 88205 

0 5394 

2,066 

17 

39 61 

46 34 

0 87725 

0 6371 

00 

18 

39 31 

45 99 

0 87249 

0 5345 

1,845 

19 

38 96 

46 77 

0 86736 

0 6314 

2,109 10,290 

20 

38 68 

45 16 

0 86224 

0 6279 

2,054 

21 

39 52 

46 23 

0 85716 

0 6241 

2,068 

22 

36 65 

42 88 

0 85211 


1,889 

23 

37 78 

44 20 

0 84709 

0 6163 

1,921 

24 

37 86 

44 22 

0 84210 

0 5123 

1,881 9,813 

25 • 

39 13 

46 78 

0 83914 

0 5082 

2,024 

26 

40 86 

47 80 

0 83221 

0 5040 

1,993 

27 

38 96 

45 58 

0 82730 

■BBH 

1,878 

28 

39 38 

^ 46 07 

0 82243 


1,871 

20 

34 67 

40 50 

0 81758 

0 4925 

1,623 9,384 

30—35 


42 80 



« 
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Table VIII 


Normal age dislnbuhon of India (1900-1931) 



ba 

X 

1 

esi 

X p(a) 

Populalion per 100,000 

0—1 

43 

X 

1 00000 

X 1 0000 

4,300 

1—2 

it 


0 99706 

X 0 7886 

3,380 

2—3 

it 


0 99412 

X 0 6978 

2,982 

3—4 

ti 


0 90110 

X 0 6678 

2,802 

4—5 

it 


0 98827 

X 0 6306 

2,664 16,128 

6—10 

43x6 

X 

0 97969 

X 0 5748 

12,106 

10—15 

)) 


0 96522 

X 0 5446 

11,299 39,632 

16—20 

it 


0 94330 

X 0 5097 

10,591 

20—25 

it 


0 93440 

y 0 4771 

9,684 

25—30 

it 


0 92073 

X 0 4294 

8,602 

30—36 

it 


0 90726 

X 0 3758 

7,311 

35—40 

tt 


0 89397 

X 0 3195 

6,140 

40—46 

ri 


0 88090 

X 0 2710 

5,143 

45—60 

„ 


0 86800 

V 0 2241 

4,182 90,791 

50 — 55 

tt 


0 85530 

X 0 1794 

3,111 

o5- '60 

it 


0 84270 

X 0 1328 

2,409 

60— G6 

tt 


0 83040 

X 0 0943 

1,683 

65—70 

tt 


0 81820 

X 0 0613 

1,078 

70—75 

ti 


0 80630 

X 0 0344 

596 

75—80 

tt 


0 79440 

y 0 0137 

234 

80—85 

ti 


0 78280 

X 0 0044 

74 

85—90 

tt 


0 77130 

X 0 0010 

18 

90—95 

tt 


0 76000 

X 0 0002 

2 100,000 


a, MB 


9 
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Noimal Age DtsU^buhon in hidia 
Table IX 


Probability of suivivmg 



lx 

du-t 

<lx 

0—1 

10,000 

2,415 

0 2416 

1—2 

7,586 

607 

0 0798 

2—3 

6,978 

400 

0 0573 

3—4 

6,578 

272 

0 0414 

4—5 

6,306 

108 

0 0315 

6- 6 

6,108 

148 

0 0243 

6—7 

6,960 

113 

0 0190 

7— S 

6,847 

99 

0 0170 

8—9 

6,748 

86 

0 0150 

9—10 

6,662 

89 

0 0140 

10—11 

6,683 

72 

0 0130 

11—12 

5,611 

66 

0 0120 

12—13 

5,445 

68 

0 0125 

13—14 

6,377 

70 

0 0130 

14 — 15 

6,307 

70 

0 0132 

15—16 

5,237 

70 

0 0134 

16—17 

5,167 

70 

0 0136 

17—18 

5,007 

70 

0 0133 

IS— 10 

5,027 

70 

0 0140 

19—20 

4,957 

1S6 

0 0142 

20—26 

4,771 

477 

0 0200 

25—30 

4,294 

536 

0 0260 

30—36 

3,758 

563 

0 0290 

35—40 

3,195 

479 

0 0310 

40—45 

2,716 

475 

0 0360 

45—50 

2,241 

447 

0 0420 

50—55 

1,794 

436 

0 0500 

66—60 

1,328 

386 

0 0680 

60—66 

943 

330 

0 0700 

65—70 

613 

269 

0 0880 

70—75 

344 

207 

0 1200 

75—80 

137 

93 

0 1800 

80—85 

44 

34 

0 2700 

85—90 

10 

8 

0 3800 

90—95 

2 
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A FURTHER STUDY ON THE VITAL CAPACITY OF 

SOUTH INDIANS 


BY 

Captain B T KRISHNAN, b a , m b , b s , m sp , 

Professor of Physiology, Medical College, Madras, 

AND 

C VAREED, MB, B s , 

Demonstratoi in Physiology, Medical College, Madms 
[ Received for publication, Maieh 1, 1933 ] 

In a foimer publication in tins Journal (Rrishnan and Vareed, 1932) we 
analysed the vital capacities of 103 male medical students according to age, height, 
weight, body surface, etc , and discussed the correlation existing between the vital 
capacity and the various measurements The Lownes spirometer (dry type) was 
then used for the estimation of the vital capacity, and the average was found to 
be 2 93 litres which is 69 6 per cent of the average found by Jackson and Lees 
(1928) for American men of the same height as the Indian mean height, but 72 9 
per cent of the average of the Americans of the same mean body surface area The 
opimon was then put forward that the lower standards obtained, compared with 
those of the Americans, are due not to racial diherences hut to the influence of the 
hot climate resulting in low metabolism and less tendency for exercise 

Since that publication, a paper has appeared on ‘ Standards for predicting 
the normal vital capacity in South Indian women from height, weight and surface 
area ’ (Mason, l‘)32) Using the Collins water spirometer. Mason found the averaf^e 
for South Indian women to be 2 15 litres which, she said, is 76 per cent of the average 
for American women of the same height as the Indian mean height But on calcida- 
tion it IS found that the average 2 15 litres is only 70 5 per cent of the American 
average for the Indian mean height obtained m her series In her paper Mason 
remarked m a footnote that it is unlikely that the average for South Indian men 
IS as low as the figure obtained m our senes and that, if out of 103 South Indians 
9 Anglo-Indians are excluded, the average would be 2 86 litres which is 67 per cent 
of the average for American men of the same height as the Indian mean height 
If the body surface area is taken into consideration, the average 2 86 htres obtamed 

( 131 ) 
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for men is 71 2 per cent of tlie American average for men and 2 16 litres obtained 
by Mason for women is 76 per cent of the American average for women The reason 
for including tbe Anglo-Indians in our first senes, we shall deal with later in this 
papei. 

In order to ascertain if our figures were leally low, the vital capacities 
of a second series of 260 medical students (ranging from 17 to 26 years), 
including 39 Anglo-Indians and 23 women, were estimated with the Sanborn 
watei spuometei which has as good a reputation as the Collins spirometer 
used by Mason The usual precautions were taken to ensure accuracy of 
record and in each case the highest reading in three or four trials was taken 
as the vital capacity Other physical measurements of the body such as 
standing height, weight, body surface area (from Aub-DuBois chart), mean 
chest guth, and chest expansion, were also recorded 

Table I 

Average vital capacity of 198 men, excluding Anglo-Indians, accoiding 

to standing height 


Height m cm 

Number of subjects 
examined 

Average vital capacity 
m litres 

160 

2 

2 67 

155 

21 

2 73 

160 

32 

2 76 

165 

70 

3 03 

170 

65 

3 24 

176 

16 

1 

3 48 

180 

1 

! 3 68 

185 

ml 

• 

190 

1 

3 20 

Avfraoes 166 

• 

3 05 


Vjtal capacity per cm, of height is 18 6 c o, 
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Table II 

Average vital cagiacity of 198 men, excluding Anglo- 
Indians, accoiding to Height 


Weight in Liloa 

Number of subjects 
examined 

Average vital capacity 
in litres 

40 

i 

7 

1 

2 63 

45 

31 

2 77 

50 

60 

1 

3 04 

55 

45 ! 

3 11 

GO 

32 

3 19 

65 

15 

3 33 

70 

2 

3 66 

75 

7 

3 20 

Avebaoes 53 9 


3 05 


Table III 


Average vital capacity of 198 men, excluding Anglo- 
Indians, according to body s'^iface 


Body surface 
m sq m 

Number of subjects 
esaimned 

Average vital capacity 
m litres 

130 

1 

2 

2 70 

140 

26 

264 

160 

47 

2 94 

160 

64 

3 08 

170 

41 

319 

180 

16 

3 47 

190 

4 

3 45 

Averages 1 59 


3 05 
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Table IV 

Aveiage vital ca'pacity of 198 'men, excluding Anglo-Indians, 

accoiding to age 


Age 

Number of subjeots 
e\auLuned 

Average vital capacity 
in litres 

Average vital capacity 
per sq ni in litres 

17 

2 

1 

2 22 

1 80 

IS 

9 

2 93 

1 91 

19 

38 

3 03 

1 91 

20 

43 

3 03 

1 94 

1 

21 

44 

3 09 

1 91 

22 

30 

3 07 

1 94 

23 

21 

3 23 

2 01 

24 

9 

3 05 

1 97 

2o 1 

1 

2 80 

181 

26 

1 

2 54 

1 72 


Table V 

Aveiage vital capacity of men, excluding Anglo- 
Indians, accoiding to mean chest measuiement 


Mean chest 
guth m cm 

Number of subjects 
a examined 

Average vital capacity 
in litres 

72 

2 

2 48 

74 

2 

2 85 

76 

10 

2 98 

78 

6 

2 87 

80 

3 

3 40 

82 

4 

111 

84 

8 

3 35 

86 

1 

2 90 

88 

4 

3 27 

90 

1 

2 60 

02 

1 

3 64 
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Table VI 


Average vital capacity of men, excluding Anglo- 
Indians, accoiding to chest expansion 


Chest e\pan 
siou m cm 

Number of subjects 
e\iiimned 

Average ntal capacity 
in litres 

3 


2 40 

4 

4 

2 90 

5 

8 

3 14 

6 

12 

3 15 

1 

7 

6 

2 89 


7 

318 

9 

5 

3 36 


Tables I to VI lepresent the average vital capacities of 198 South Indian men, 
excluding Anglo-Indians, according to height, weight, body surface, age, chest 
circumference (mean of measurement on deep inspiration and that on deep eipira- 
tion) and chest expansion The average vital capacity of men in this series exclud- 
ing Anglo-Indians is found to be 3 05 litres, 1 93 litres per sq m of surface area 
and 18 6 c c per cm of height In general these fimires are about 5 per cent higher 
than the figures obtained in our first senes As Myers observed, individual varia- 
tion offers one of the greatest limitations of mtal capacity test The type of the 
spirometer also seems to be responsible for slight variations in the figures obtained 
In view of these variations, it is generally recognized that a 10 per cent margin 
should be allowed in vital capacitv measurements, and our figures in the first series 
were only 5 per cent lower than the averages obtained in the present series Turner 
(1927) in her first series for American women obtained an average of 2 99 litres and 
in her second series (1930), using the Collins spirometer, obtained 3 28 litres , and 
for American men Jackson (1927) found 4 383 litres as the general standard average, 
and he and Lees (1928) using the Sanborn water spirometer found 4 406 litres as the 
average for 100 male students The object of measuring the vital capacity in 
different groups of people is only to determme the standard for such gioups, and as 
long as the figures obtamed indicate a certain standard, no serious note need 
betaken of slight variations within 10 per cent 

In the present series the average obtained for 198 men excludmg Anglo- 
Indians is 3 05 litres which is 75 4 per cent of the average of American men 
of the same surface area as the Indian mean surface area as compared with 
71 2 per cent obtained m the first series 

It IS generally recognized that vital capacity is closely related to the surface 
area Peabody and Wentworth (1917) found a close correlation between 
tlie two, and Dreyer (1919) said that the vital capacity is a simple function 
of the body surface area and not of height West (1920) also advised the 
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vital capacity was nearly equal to tlie AVestein standard It will be seen from the 
above analysis that the 'Anglo-Indian students are in no way different from other 
Indians, who had good physique and chest expansion as a result of physical training 
and theie is sufficient justification for including them in the series as South Indians 
and for striking a general average If the Anglo-Indians are also included m this 
series the aveiage vital capacity for a total number of 237 South Indian men 
would be 3*17 litres (1 99 litres pei square metre) which is 77 4 per cent of the 
American average for the same suiface area as the Indian mean surface area 
In the present series, the vital capacities of 23 women students of 18 to 23 
years were also measured and Table IX represents then* average vital capacity 
accoiding to standing height AAhth a mean height of 164 5 cm and a mean 
surface area of 1 42 sq m then average vital capacity is found to be 2 20 
litres, 1 56 litres per sq m of suiface area, and 14 2 c c pei cm of height 
This general average (2 20 litres) is 74 6 per cent of the average for American 
women of the same mean body surface area 


Table IX 

Aveiage vital capacity of 23 women students 
aceoidiny to height 


1 

Height m cm 

1 

Number of subjects 
examined 

Average vital capacity 
in litres 

145 ! 

1 

2 1 

2 04 

150 

9 1 

o 12 

1 

155 1 

9 1 

2 32 

160 1 

3 

j 

2 20 

Avehaoes 164 5 


2 20 


Average vital capacity per cm of height is 14 2 o o 
Mean body surface area is 1 42 sq^ m 
Average vital capacity per sq m i& 1 55 hires 


Mason (1932) refeis in her paper to a variety of races in South India and 
the vaiiations she found in the vital capacities of the Tamils, Telugus and 
Malay abs In our series for men, the data obtained for Tamils, Telugus, Malayahs 
audCanarese are shown in Table X, from which it will be seen that the average 
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vital capacities foi tlie rMeieiit groups aie 3 01, 3 05, 3 07, and 3 03 lities 
lespectively, which aie vcr} neai oi the same as the general aveiage (3 05 litres) 
when reduced to the same mean bodj suiface 


Tvble X 


Data coiiceiniiig tlit Join gioups of South Indians speaking 
diffeicnt languages 


Lmgu ige 
spoken 

1 

Number of 
subjects 
examined 

1 

Mc'in height | 
in cm 1 

Weiglit 
in kilos 

Bodv 
surface 
in sq m 

1 

Vital 
capacitx 
in htres 

1 ital capacity 
per sq m m 
htffes 

Tamils 

69 

166 i 

53 3 

1 62 

3 01 

1 90 

Telugus 

15 

165 

52 9 

1 67 

3 05 

1 94 

Jlalayaks 

79 

164 

63 6 

167 

3 07 

196 

Canarese 

24 

166 

54 9 

1 60 

3 03 

1 05 


South Indians speaking diiferent Dravidian languages are all of one race, 
and any slight variation found in different groups of persons can only be the 
result of the var)nng mode of life and habits The variations observed by Mason 
in the different groups of women and those observed in our groups of men are 
too small to warrant any serious consideiation of racial differences The small 
increase in the vital capacity of the Malayalis could be accounted for by the 
influence of a more equitalile climate on the West Coast where they come from, 
and their habits of staying more m the open Dealing with women especially, 
it has to be borne in mind that besides the influence of climate and habits, 
variation in metabolism, resulting from endocrine activity from the tune of 
puberty onwards, is bound to contribute to small changes in their physiological 
measurements such as vital capacity 

Racial diffeiences, if any, should be more anatomical than physiological If 
anatomically two races are found to be the same, any physiological variation can 
only be due to adaptation to the surroundings and habits acquired 


SUMJEARY 

1 A further study was made on the vital capacities of 260 South Indian 
medical students including 39 Anglo-Indians and 23 women, using the Sanborn 
water spirometer 

2 The average vital capacity of 198 men excludmg Anglo-Indians 
13 found to be 3 05 litres, 1 93 htres per sq m of body surface and 18 5 c c 
per cm of standing height In general the figures are 5 per cent higher than the 
figures obtained in our first senes The average 3 05 htres is 75 4 per cent of the 
average for American men of the same surface area as the Indian mean surface 
area 
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3 The average for 39 Anglo-Indians is found to be 3 78 litres which is 89 0 
per cent of the average for Americans The high aveiage in these cases is considered 
to be due not to any lacial difterence but to the habit of indulging in constant exercise 
The average for 35 other Indians known to indulge in constant exercise is found to 
be practically the same as that of the Anglo-Indians The general average for South 
Indian men including the Anglo-Indians works out to be 3 17 litres (1 99 litres per 
sq m ) which IS 77 4 per cent of the American average 

4 The average vital capacity of 23 women students is found to be 2 20 litres 
which IS 74 6 pei cent of the average for American women of the same surface area 
as the Indian mean body surface area 

5 The importance of the correlation of the vital capacity with the smface 
area and the applicability of the DuBois formula to Indians is discussed 

6 It is pointed out that the South Indians, speaking the Dravidian languages, 
are all of one race, and any small variations in the vital capacities of the Tamils, the 
Telugus, the Malayalis and the Canarese are only due to the varymg modes of life 
and habits 


We wish to express our indebtedness to Rao Bahadur Dr M Kesava Pai, 
M D , o B E , Superintendent of the Government Tuberculosis Hospital, Madras, for 
kindly lending us the Sanborn water spuometei for measuimg the vital capacities 
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[Received for publication, March 7, 1933 ] 

The Isevulose and the galactose tolerance tests for determining hepatic efficiency 
are not new Ever smce Claude Bernard discovered the glycogenic function of the 
liver in 1857, attempts have been made to test this function in determimng hepatic 
efficiency Strauss (1901) mtroduced Isevulose for testing hepatic function on the 
basis of the experimental work of Sachs (1899) who found that the metabolism of 
Isevulose was disturbed to a great extent m de-hepatized frogs Strauss (1901) 
method consisted in examining the urine for Isevulose after the mgestion of 100 
grammes of the sugar He stated that the test was positive in 90 per cent ot cases of 
hepatic disorders whilst only 10 per cent of the healthv controls showed Isevulosuria 
Divergent views were expressed about the value of this test, and in its original form 
the test is unreliable as it involves a renal factor (renal threshold for Isevulose lies 
betw een 0 115 per cent and 0 13 per cent — Tallerman, 1923) The test was modified 
by Schirokauer (1913) by estimating the blood-sugar after the admmistratiou of 
Isevulose He found that in healthy controls the rise of blood-sugar above the 
fasting le\ el, one hour after the mgCbtion of 100 grammes of Isevulose, was very little, 
while m cases m which the liver was damaged the blood-sugar rose even up to 0 19 
per cent The work of Maclean and de Wesselow (1920 , 1921) on the estimation of 
sugar tolerance also showed that the rise of blood-sugar in normal individuals after 
the ingestion of Isevulose was not at all marked Spence and Brett (1921) also 
pointed out that the Isevulose tolerance test is valuable in determining hepatic 
efficiency 

Richard Bauer (1906) of Vienna mtroduced galactose for testmg the glvcogemc 
function of the liver He showed that in cases with damage or destruction of the 
hepatic parenchyma the admimslration of 40 grammes of galactose by mouth 
resulted in galactosuria In all the cases of portal cirrhosis, catarrhal and toxic 
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jaundice, Bauer (1908 , 1912) obtained positive results, wbile he found that the 
test was negative in cases of obstructive jaundice due to gall-stones, pressure of 
tumours, etc He pointed out that eases of catarihal and toxic jaundice can thus 
be difierentiated fiom cases of obstructive and haemolytic jaundice by means of 
this test The importance of this test in the differential diagnosis of jaundice has 
also been pointed out by Shay, Schloss, and Rodis (1931), who obtained sunilai 
results Davies (1927) expressed similai views by studying the blood-sugar 
curves after the ingestion of galactose Bauer placed consideiable reliance ^on 
the uiinary findings alone and says, ‘ galactosuria is often the only positive sign 
of abnoimal liver function ’ The considerations underlying the use of galactose 
m the tests of hepatic function are discussed in detail by Shay, Schloss, and 
Bell (1931) 

Both these tests depending on the caibohydrate metabolism of the liver have 
been the subject of much discussion m the recent literature There is also much 
difi^erence of opinion about the compaiative value of both these tests Elmei and 
Scheps (1930) compared the blood-sugar curves after the administration of Isevulose 
and galactose in the same individuals with hepatic disorders and found that m most 
of the cases they were identical , but a few cases were encountered in which the 
laevulose test, in the presence of a positive galactose test, was slightly positive or 
completely negative, and hence they concluded that the galactose test is much more 
valuable than the Isevulose test They (Elmer and Scheps, 1928 , 1930) found that 
the galactose toleiance test as desciibed by Bauer (estimation of galactose in urine) 
IS unreliable, as they found cases in which the rise of blood-sugar exceeded 30 mg 
per cent aftei the adiinnistration of galactose and yet there was little or no sugar at 
all in the mine Davies (1927), Kahlei and Machold (1922) also pointed out that m 
the galactose tolerance test it is misleading to depend upon the minaiy findings alone 
to determine the hepatic efiiciencv and considei ed the blood-sugar values to be more 
important 

Tallerman (1923), Coveil (1923),FinkelsteinandDannenberg(1925),ICing(1927), 
and Hurst (1931) among others considered the Isevulose tolerance test to be of 
considerable value as an index of the functional capacity of the liver De Wesselow 
(1924) pointed out that in bad cases of hepatic damage, the blood-sugar curve 
obtamed after the ingestion of Isevulose may closely resemble that of a mild 
diabetic after the administration of a corresponding dose of glucose On the other 
hand, Rowntiee, Marshall, and Chesney (1914) and Greene, McVicai, Snell, and 
Rowntree (1927) pointed out the unsatisfactory character of tlie fructose (Isevulose) 
tolerance test m cirihosis of the liver The unsatisfactory nature of this test for 
hepatic function has also been pointed out by Gieene, Snell, and Walters (1925) 
The observations of Hughes and Malilc (1930) on a number of hospital patients in 
Lahore showed that the Isevulose tolerance test was positive in most of them, 
though there was no clinical evidence of hepatic disease They suggested that 
the dimimshed toleiance for Isevulose in these patients was the result of defective 
formation and storage of glycogen in the liver, probably due to previous attacks 

of malaria, horn which they had all suffered 

To determine the clinical values of the Isevulose and galactose tolerance tests 
for hepatic efficiency, especially in cases of cmhosis of the liver, a number of patients 
was investigated in the medical wards of the Kilig George Hospital, Vizagapatam, 
and the results obtained in them aie detailed in this paper 



M V RaclJial) ishia Rao 


143 


Technique 

(^1) Lcevulose tolerance test 

Till' test 13 alwa's s done m the morning before the patient takes his breakfast, 
and IS preceded by a twelve-hour fast A sample of blood is drawn from the vein to 
estmiate the initial fastmg blood-sugar Laevulose dissolved in water is then given 
bv mouth, according to the weight of the patient as recorainended by Spence and 
Erett n qni Four specimens of blood ai e then collected at half-hourly intervals 
Si , bloLl-s;^” S estmiated by the method of Mm and IVu (1920) The 
ke^lose supplied by Hopkin and ilUams, Ltd , London, was used in this investi- 

“""^Tin- (1927), Elmer and Scheps (1930) showed that in normal persons the 
maximum use of blood-sugar above the fasting level never exceeded 20 mg per cent 
According to Tallerman (1923), a maximum rise of 30 mg of blood-sugar above the 
imtial fastmg level, or a blood-sugai reading exceeding 0 135 g per cent indicated a 
definite derangement of hepatic function Adopting these standards the laivulose 
tolerance test is considered negative if the maximum rise of blood-sugar does not 
exceed 20 mg per cent and positive if it exceeds 30 mg percent, if the maximum 
use of blood-sugax is in between these two readings (i e , between 20 and 30 mg 
per cent), the test is considered as doubtful 

(jB) Galactose tolerance test 

The technique of this test is described in detail by Shay, Schloss and Eodis 
(1931) The patient is prepared in the same way as in the laevulose tolerance test 
oTthe morning of the test the patient is asked to pass urine and it is examined 
mmlitXelv for su^ar Forty grammes of pure galactose dissolved m about 15 
ounces of witer is then given by mouth, irrespective of the weight of the patient 
The patient is instructed to pass urine every hour or as closely to the hourly periods 
i possible durmg the five hours followmg the administration of galactose During 
tl?s period’no food is allowed to the patient and, if desired, water is allow ed to drink 
as It was found not to interfere with the result The total quantity of urme passed 
during the five-hour period is measured and is examined qualitatively for sugar J 
positive, the total amount of sugar in the urine is estimated by Benedict s method 
(as described by Cole, 1926) The total quantity of galactose excreted in the urine 
is then calculated after the necessary correction is made for the copper i eduction by 
galactose In the case of diabetic persons the galactose excreted in the urine is 
determined after the dextrose present in it is destroyed by rapid fermentation w ith 

a yeast suspension ■, , , ,, , 

There is difference of opimon about the output of galactose which should be 
accepted as normal after the administration of 40 g of the sugar Bauei tabulated 
his imnaiy findmgs as follows Normal, 0-1 g , hxgh normal, 1-2 g , positive, 
2-3 g high positive, 3-12 g The greatest loss that has been observed in this 
series is6 5 g ravies, 1927)’ Davies (loc cU ) concluded that any amount 
of over 2 c indicates a definite hepatic deficiency Shay and Schloss (1931) 
considered °an output of more than 30 g of galactose in the five-houi period 
followung the administration of 40 g of galactose, as indicative of impaired 
hepatic function 
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Result’s 


In the present study only those patients in tyhom the clinical picture was 
typical and the diagnosis definite were selected for investigation The clinical 
diagnosis was verified at operation in one case (No 8) and at autopsy in five cases 
(Nos 107, 138, 161, 136 and 127) In most of the cases the McNee and Keefei’s 
(1925) modification of the van den Bergh's reaction (1918) and the ‘ Rose Bengal ’ 
test for hver function were also performed The interpretation of the results of the 
' Rose Bengal ’ test is given in a separate paper (Radhaki ishna Rao, 1933) It 
may be pointed out here that the ‘ Rose Bengal ’ test gives a fairly good idea of the 
hepatic efficiency Gases complicated by endocrine distmbances are not included 
in this series except one case (No 81} of diabetes mellitus 

The results of the l^vulose tolerance test performed on 45 patients are tabulated 
in Table I 


Variable results were obtained in cases of curhosis of the liver Thus, 
out of the 28 cases, the Isevulose tolerance test was positive in 21, doubtful 
in 4 and negative in 3 cases (Nos 1, 8 and 19) In three cases of catarrhal 
jaundice, the test was doubtful in two cases and positive m one case (No 81) 
in which the fasting blood-sugar was very high and sugar was present in the 
urine The test was negative in one case of toxic jcaundice complicating 
pregnancy , it was positive in one case of jaundice associated with avitaminosis 
and m both the cases of jaundice due to malignant disease of the hvei 
Negative results were obtained m three cases of ansemia due to ankylostomiasis, 
while in one case (No 83) in which there was marked retention of the dye 
‘ Rose Bengal the test was doubtful In two cases of ascites associated with 
congestive heart failure due to bad myocarditis, the test was negative m one 
(case No 23) and doubtful in another (case No 80) Cases of ascites due to perito- 
nitis gave varied results , in one case (No 62) of simple chronic peritonitis the test 
was doubtful, while in another case (No 127) of malignant peritonitis in which 
the diagnosis was verified post-mortem, the test was positive , the test was negative 
in one case (No 150) of tubercular peritonitis In case No 111 in which there was 
marked retention of ‘ Rose Bengal the Isevulose tolerance test was negative 

Thus, out of the 37 cases m which there was defimte evidence of hepatic dys- 
function, the test was positive in 25, doubtful in 7 and negative m 6 cases While, 
in the 8 cases in which there was no evidence of hepatic disease, the test was positive 
in 1, doubtful in 2 and negative in 5 cases 

In most of the positive cases, the maximum rise of blood-sugar above the fasting 
level was found at the end of one to one and half hours and the blood-sugar curve 


showed no tendency to return to the fasting level at the end of two hours 

Table II shows the results of the galactose tolerance test m some tvpical cases 
m most of which the ‘ Rose Bengal ’ and the Isevulose tolerance tests were also 
performed for compaiison The galactose tolerance test was positive in one case 
(No 157) of jaundice in which there was evidence of diffuse damage of the hepatic 
parenchyma due to ‘ Neo-Salvarsan administeied for the treatment of syphilis , 
while, in another case (No 99) of toxic jaundice complicating pregnancy, the test 
was negative, though theie was moderate retention of ‘ Rose Bengal ’ Out of the 9 
cases with definite evidence of chiomc hvei cell damage, the test was positive only 
in 3 cases (taking 2 0 g as the maximum permissible limit of the output of galactose 
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itt normal persons) , 3 cases (Nos 119, 79 and 72) showed a normal ‘ Rose Bengal ’ 
test indicating that there was still sufficient amount of actively functioning liver- 
tissue In case No 107, the diagnosis was verified post-mortem , in this case, 
though the ‘ Bose Bengal ’ test showed marked retention and the Isevulose tolerance 
test w as positive, the galactose tolerance test gave a negative result Out of the 7 
cases of cirrhosis of the livei, the galactose tolerance test was positive in 3 and 
negative in 4 cases 

In this paper no attempt is made to study the value of the galactose tolerance 
test in the differential diagnosis of jaundice , how far the test is valuable in deter- 
mining hepatic efficiency is onlj considered here The blood-sugar curves after the 
ingestion of galactose are not studied in this paper 

Comment 

Both the Isevulose and the galactose tolerance tests depend on the functional 
activity of the liver in relation to carbohydrate metabolism Several factors are 
concerned in the regulation of the carbohydrate metabolism of the body , besides 
the liver, the muscles, the islet tissue of the pancreas and the anterior lobe of the 
pitiutary play an important part But, as far as the metabolism of Isevulose and 
galactose are concerned, they are solely metabolized in the normal liver and the 
other factors regulatmg the carbohydrate metabolism do not apparently come into 
play Hence, after the ingestion of a given amount of Isevulose or galactose m a 
normal person, there is little appreciable rise in the blood-sugar level When the 
liver 18 diseased, the liver cells are not able to deal efficiently w ith these sugars and 
convert them mto glycogen, and hence they escape into the general circulation 
unchanged, resulting in a rise m the blood-sugar content As there is no renal 
threshold for galactose (Shay, Schloss, and Bell, 1931, Eowe and Chandler, 1924), 
any slight rise in the blood-sugar content due to galactose, results in its excretion in 
the urine 

Though the principles underlying the use of these tests are so simple and their 
results so promising, the clinical application of the tests in cases of diseases of the 
liver, IS productive of widely variant results These divergent results are due' to the 
fact that the liver has a great reserve power and a remarkable capacity to regenerate, 
especially in chronic liver-cell damage Mann and Bollman (1926) showed that 
after removmg 70 per cent of the normal liver of a dog, the remammg liver-tissue 
increased and returned approximately to its pre-operative level m a few weeks tune 
Thus, in chrome diseases of the hver (e g , cirrhosis), a sufficient amount of 
actively functioning liver-tissne is still present to maintain the carbohydrate 
metabolism The functional aspects of the regenerated hepatic tissue have recently 
been reported by Althausen (1931) He showed that in toxic cirrhosis of the 
liver, where there is marked regeneration of the liver-tissue, the ‘ carbohydrate 
metabolism-regulating function ’ of the liver remains normal, though there is 
marked impairment in the excretion of ‘ Rose Bengal ’ Thus, tests depending 
on the carbohydrate function of the liver become positive only when there is 
diffuse destruction of the hepatic parenchyma, either acute or chronic, and when 
there is failure of regeneration m the chronic cases 

The experimental evidence in support of the Isevulose tolerance test for hepatic 
efficiency is also conflicting Bodansky (1923) obtamed positive results in dogs m 

J, MR jn 
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whicli the liver was experimentally damaged On the othei hand Mann and 
Bollman (1926) showed in then experimental study on livei function tests that in 
dogs in which the hepatic tissue was peimaneiitly reduced the lieviilose tolerance 
test failed to bung out any mailced deviation fiom the uoimal 

The lesults given in Table I show that the Iseviilose tolerance test gave positive 
results in a greater uumbei of cases with livei disease than in these without evidence 
of hepatic disorder As the test gave negative results in some of the cases (e g , 
Nos 1, 8, 19 and 99) with definite evidence of liver disease, it cannot be considered 
to be of diagnostic value in any individual case Moreover, while a positive test is 
more in favour of hepatic dysfunction, a negative test cannot exclude liver disease, 
especially in chronic cases Clinical evidence of disease of the liver is generally 
present by the time the laevnilose tolerance test gives positive lesults and the test 
then IS more confirmatory rather than an aid in the diagnosis Tests of this type 
depending on the partial function of the livei in the legiilation of the blood-sugai 
level ‘ do not permit of an exact quantitative estimate of the degree of impairment 
of liv’-ei function ’ (de AVesselow, 1924) The liver has varied functions and the 
failure of its function in carbohydrate metabolism does not necessarily indicate that 
its other functions aie also impaired As pointed out by Althausen (1931), the 
carbohydrate metabolism of the liv'^er remains normal in cases of toxic cirrhosis though 
the excretion of the dye is markedly impaired Kahler and Machold (1922) mvesti- 
gating the value of galactose for livei function, concluded that hyperglycEemia and 
galactosuria denote only the deiangement of the hepatic control oyer carbohydrate 
metabolism and their yalue in the estimation of hepatic efficiency remains to be 
established 

As pointed out by King (1 927), the height and duration of the blood-sugar curve 
after the ingestion of Isevulose is influenced, apart from the functional capacity of 
the bvei, by the rate of absorption of laevulose from the intestines, the condition of 
the pancreas and the rate of elimination of the sugar by tbe kidneys Though the 
pancreas is not diiectly concerned in the metabolism of lcevulose, in cases of diabetes 
where pathological changes hav'e taken place in the islet tissue of the pancreas the 
results of the lasvulose tolerance test may be considerably influenced by the pan- 
creatic deficiency , hence, the test should be consideied as abnormal only in the 
absence of pancieatic disease 

It has not been possible to estimate laevulose as such in the blood The total 
blood-sugar estimated at the half-houily peiiods aftei the administration of laevulose, 
includes the glucose content of the blood and the laevuilose which has escaped into 
the general circulation Thus, it will be noted that the results of this test will be 
vitiated unless the laevulose used is pure and is free from any contamination with 
glucose 

Kahler and Machold (1922), Davies (1927), Rolleston and McNee (1929), Elmer 
and Scheps (1930), Dodds (1931) and Bode (1931) among others considered the 
blood-sugar cuives in the galactose toleiance test to be of value in the diagnosis of 
hepatic clisoiders The unsatisfactory nature of the uiinary findings m the galactose 
tolerance te^t has been pointed out (as mentioned before) by Kahler and Machold 
(1922), Davies (1927) and Elmei and Scheps (1930) ‘ Alone, this observation on 

the urine IS open to many errors, as the threshold vanes enormously in noimal people, 
while in nephritic cases the kidney may entiiely fail to exciete it In diabetes the 
test IS, of course, valueless Again, if much ascites is present, it has been shown 
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that tlie absorption of the sugai vi i the alimentary tract may be delayed, and the 
susar still excieted even for fi\e to six hours following the ingestion (Davies, 
1927) ’ 

Though the results obtained in this study are not sufficient to draw 
adequate conclusions, it may be stated that the total amount of galactose 
excreted in the urine is too variable to consider it as a guide to hepatic 
efficiency 

The galactose tolerance test of Bauer has its own advantages It is a 
simple test which is easily performed without much discomfort to the patient 
and there are no contra-indioations except diabetes mellitus In cases in 
which it IS not possible to obtain blood for the estimation of the blood-sugar 
after the administration of galactose this test may be performed to gauge 
roughly the efficiency of the liver 


Summary and co'nclusio'ns 

(1) To determine the clinical values of the lievulose and the galactose tolerance 
tests for estimating hepatic efficiency, a number of patients was investigated in the 
medical wards of the King George Hospital, Vizagapatam, and the residts obtained 
are discussed 

(2) The liEvulose tolerance test gave positive results m a greater number of 
cases with liver disease than m those without evidence of hepatic disorder In some 
cases with defimte evidence of liver disease the test gave negative results, and hence 
It IS concluded that the test cannot be considered to be of diagnostic importance in 
any individual case 

(3) The variable results obtamed by the Isevulose toleiance test in cases of 
cirrhosis of the liver are considered to be due to the regeneration of the hepatic tissue 
It is pointed out that a negative test in these cases cannot exclude liver disease, as it 
only indicates that a sufficient amount of actively functiomng hver-tissiie is still 
left to maintain the carbohydrate metabohsm The test becomes positive only 
when there is diffuse destruction of the hepatic parenchyma together with failure of 
regeneration 

(4) Though the galactose tolerance test of Bauer (1906) has its own 
advantages, it is misleading to depend on the urinary findmgs alone and the 
total amount of galactose excreted in the urine is too variable to consider it 
as a gmde to hepatic efficiency 
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Showing the results of the Icevulose tolerance test 
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Early history 

The history of kala-azar in Madras virtually commenced in 1903 with the 
discovery of the parasite which causes the disease There is little doubt 
that, if the records of the hospitals were searched, many instances of ‘ chrome 
malaria ’ m which quinine had no action could be found, but the specific clmical 
syndrome was not generally recognized and, though a few climcal observers, 
as foi example Donovan, recogmzed a definite group of cases of persistent 
splenomegaly and suspected a different setiologv, no differentiation of this group 
was attempted (there are still many conditions which resemble kala-azar 
chmcally but which are not due to leishmama infection) and it was not 
associated with the specific syndrome ‘ kala-azar ’ which had been recogmzed m 
Assam many years before 

The incidence of a hundred or even two hundred and fifty — taking the present- 
day figure — cases of an ill-defined disease in a commumty of over half a million does 
not make medical history or even attract the attention of the sanitarian, and this 
absence of any defimte history of kala-azar in Madras before 1903 must not be 
accepted as evidence of the non-existence of the disease prior to this date In other 
parts of India there is a very different story to be told The epidemic which swept 
through Assam in 1875 attracted a considerable amount of attention, not only of the 
samtarian but of the Government whose revenues were seriously affected It was 
recogmzed as a distinct disease and given the name kala-azar In the same way in 
Bengal and Bihar the disease was lecogmzed long before the specific parasite was 
demonstrated 
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Cliaxt 1 shows the number of cases of Jcala-azar treated year by year in Assam 
province (excluding Sylhet) since 1920 and in Madias city during the period of the 
last survey, relative to the populations, on the basis of the Assam population being 
roughly 5 5 millions and Madras city’s loughly half a million, throughout the whole 


Chart 1. 



period Chart 2, drawn to the same scale, shows the number of cases treated year 
by year in Bengal since 1920 and in the kala-azar out-patient department of the 
Calcutta School of Tropical Medicine since 1922, relative to the population, on the 
basis of a constant population of 4G 5 millions in Bengal and on the assumption that 
the School draws its patients from a population equal to one-quarter of that of 
Calcutta, or roughly a quarter of a million The shaip rise and equally sharpi fall 


♦ Many of our patients come from outside Calcutta, and there are four other laige hospitals m the 
city and a number of smaller ones , so it will be seen that this figure is puiely arbitrary, but it sen ea 
the purpose as it is only the mcidence from year to year that is being contrasted 
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m the Assam cmvc stands out in marked contrast to tke moie or less straight line of 
Madras As we have suggested above, the only figures available for kala-azar in 
Bengal are probably unieliable, especially with legard to rise in the incidence curve 
and it will bo safer to consider onl} the second half of the curve It will be seen that 
the fall in the Bengal curve occurs at the same time as the fall in Assam curve, but 
that it IS not so sharp and that it ceases a long way from the zero line 


Chart 2 

Per lo 000 populihon 



/9^ 19^2 iSTi f02S 1927 1929 W© /Ji/ 2 


Relative incidence year by year of l<ala azar in Bengal, as ‘’hovvn 
bv the Bengal provincial returns and the attendance at the 
Calcutta School of Tropical Medicine 


Conclusion — It is thus apparent that in Madras the disease is truly endemic 
and not subject to much variation from year to year , in Assam it is epidemic and 
disappears almost entirely from many places in the mter-epidemic period , in Bengal, 
the state of affaiis is intermediate between these two extremes, it is endemic, more 
or less throughout the province, but is subject to periodic increases of incidence 
Or — to refer to the disease of a population as one would the disease of an individual 
— m Madras it is chrome, in Bengal sub-acute with periodic acute exacerbations, 
and m Assam it is acute with periodic relapses 

Kala-czar distribution in the city — It is not possible, as Cunningham and 
Varadarajan (Zoc cit ) pointed out, to compare accurately their report with that of 
Korke (Zoc cit ) as there was a re-arrangement of divisions m Madras between the 
tunes of these two surveys If one takes the six divisions which provided the 
largest number of cases in the first survey it will be seen that they correspond roughly 
with the SIX most heavily infected divisions in both the second and the third 
surveys Cunningham and Vaiadarajan consider, however, that there is definite 
evidence of a centrifugal spread of the disease from its focus in George Town , their 
figures provide some evidence of this They say, ‘ The central endemic area is 
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the same m both, and Korke mentions cases as coming from every one of the 
areas where cases have been recorded in our survey He states that the chief 
endemic focus of kala-azai roughly speaking is restricted to an area whose radius 
IS nearly two miles and whose centre is the heart of George Town We beheve 
that this state of affairs no longer exists The disease appears to have advanced 
to the extent that there is evidence that certain of these outlying foci are 
themselves new areas of infection The outer fringe of infection has also 
apparently extended ’ * 

There is a general impression amongst medical men in Madras that this centri- 
fugal spread of the disease is still continuing Actual figures do not, however, 
entirely support this impression As the number of cases in the present survey are 
about three times those of the previous surveys we cannot compare the actual 
numbers of the cases observed, but if we reduce the figures in each survey to percen- 
tages of the whole of that survey, we shall see that fhere is a remarkable sunilaiity 
m the relative distributions in the two smveys (Table II) The six most heavily 


Table II 


Locality 

Second survey 

Third 

' SUR\F\ 

Relative 
increase or 
decrease 

Number 

Percentage 
of all cases 

Number 

Percentage 
of all cases 

George Town 

216 

41 11 

622 

33 38 


Choolai, New Town and Vepery 

79 

16 11 

311 

19 96 

+ 

Royapuram 

38 

7 27 

188 

12 06 


Chmtadripet and Pudupet 

38 

7 27 

142 

9 11 


Washermanpet 

28 

6 36 

76 

4 81 


Tnplicaue 

34 

6 60 

68 

4 36 


Perambur 

21 

4 02 

60 

3 85 

± 

Purasawalkani 

14 

2 68 

46 

2 96 

± 

Park Town 

18 

3 44 

38 

2 44 

— 

Royapettah 

11 

210 

35 

2 24 

± 

Egmore 

6 

1 15 

31 

1 99 

+ 

Mylapore 

7 

1 34 

24 

1 64 

+ 

Kilpauk 

4 

0 76 

9 

0 68 


Teynampet 

6 

1 16 

3 

0 19 


(Adayar) 

0 


4 

0 Zb 


Mambalam 

0 


1 

0 Ob 


Nungambakam 

0 


1 

0 06 


(Tondearpet) 

4 

0 76 




1 

Totals 

623 


1,658 




infected divisions are the same in each , together the cases in these constitute 8 

and 83 68 per cent of the whole in the second and third surveys, respect^ev 

Admittedly, m the recent survey there is a relative decrease in the George o 
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•figures, but of the outlying diMsious only Egmote and Mylapore sliow a slight, 
a very slight in the latter case, relative increase, and Adayar, ■which was not 
mentioned in the previous survey and was presumably free, has provided 4 
cases (ice Map of Madras) 

Map of Madras, 

ShomnJ the disCritulion oF Kiti aiar caata in the diffcunl dumana of Iht Cily 

(1323^ I33l) 



to Cases or less Each hne represenfs lease of Kata aaar 


On the whole it can be said that there is little evidence of any change in the 
relative distribution of the cases amongst the various divisions in Madras, or of anj 
shifting of the centre of the endemic focus during the last 9 years 
3, MB 


11 
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Kala-azar outside Madras city 

Cunnmgliain and Vaiadarajan in their survey reported 57 cases as coming from 
outside Madras city , the figures for the present survey are 1 15 A complete history 
was seldom available in these cases, so that the locality where infection occurred is 
not usually definitely ascertainable, but the frequency of the appearance of these 
cases makes it fauly certain that theie are endemic foci of infection dotted about the 
plams of Southern India, more especially in the east coastal areas, and from the 
records of the recent survey 12 cases, or 10 per cent of the outside cases, are reported 
to be from areas on the west coast, which has hitheito been believed to be free from 
kala-azar Some of these foci of infection have been discoveied and there is httle 
doubt that if more careful investigation weie earned out others vould be found 
This, of course, could not be done in the time available for the recent survey 
Instead, the areas whicL weie known to be endemic and had been surveyed by the 
junior writer (K V K ) 8 years previously (Turkud, Krishnan, and lyei, 1926) were 
investigated 

The most important of these is Kayaljiatnam, an isolated village community 
on the east coast some fifty miles north of Cape Comoiin Here in 1924 out of 109 
cases of enlarged spleen examined 82 weie found to be cases of kala-azar , in the 
recent survey 77 cases were examined and 46 weie diagnosed kala-azar It is thus 
apparent that the state of affairs is much as it was 8 yeais earlier , a slightly lower 
percentage of cases — 60 per cent as compared with 75 pei cent — proved to be kala- 
azar, but the difference is not great In the same way in the other places visited 
conditions had undergone little change with the single exception of Eameswaram 
island which will be referred to again 

The inhabitants of Kayalpatnam say that the disease is not new There is 
evidence of its existence 40 to 50 years before the time of the first survey of this 
village in 1924 , a number of elderly inhabitants had the remains of cancium oiis, 
which had followed an attack of fever with splenic enlargement when they were 
children 

On Eameswaram island not only was there found to be a considerable reduction 
in the incidence of enlarged spleen but also the percentage of kala-azar amongst 
these was distinctly less — 17 pei cent compared with 62 pei cent — in the last 
investigation 

There has been a considerable leduction in the incidence of malaria in this 
island during the last few years The Directoi of Public Health, Madras, has 
kindly provided us with figures which show that the spleen rate in Eameswaram 
was reduced from 11 0 per cent in 1929 to 2 2 pei cent in 1931 Marked reduction 
in the spleen rate have also been noted in Pamban and Mandapam This 
observation is of interest as it supports a theory put forward by the writers that 
one of the mam predisposing causes of kala-azar in rural areas is malaria 
Eameswaram is the only area in the Madras Presidency where we have 
been able to show that kala-azar is dimimshmg in incidence No special 
measures have been instituted against kala-azar, but measures against malaria 
have been successful not only in reducing the malaiia but also in reducing 
kala-azar 

Thus, observations outside Madras city indicate that in the maj ority of the 
rural endemic areas also there is httle evidence of any change in the incidence of the 
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disease from year to year In some of them there is evidence of the existence of the 
disease for at least 50 vears 

The effect of treatment on kala-azar incidence 

In Madras city there is little evidence of any change in the kala-azar incidence 
during the last 30 years The available evidence suggests that, if there has been 
any change at all, there has been an mcrease rather than a decrease during 
the last 12 vears since effective treatment was introduced In Kayalpatnam the 
results of treatment have been so unsatisfactoiy as to be almost negligible and 
here also there has been no change in the incidence Thus, in one place treat- 
ment has been effective as far as individual kala-azar patients are concerned, and 
in another place treatment has been highly unsatisfactory, yet in both places 
the effect on the incidence of the disease m the general population has been 
negligible The obvious conclusion is that in Madras the disease cannot be 
controlled by treatment of the cases onlv 

The different clinical tyfes op kala-azar 

Little has been written regarding the difference in the clinical type of 
kala-azar case encountered m different localities in India Eogers (1910) 
diew attention to the difference between the more acute form of the disease 
which he saw during the epidemic periods m Assam and the more chronic 
type of case usually seen m Bengal and Sylhet (politically Assam but 
physiographically like Bengal), though he stressed the many points of similarity 
between these two tjpes Shortt (1932) refers to the acute fulminant type 
as being characteristic of the years of the peak of the incidence curve in Assam 
and rarer since the decline of the epidemic In our experience in Bengal we 
have encountered all the climcal types , the rare fulminant type in which the 
patient dies after a few months’ illness of hyperpyrexia and haemorrhages , 
the t 3 rpical acute type m which the fever is intermittent or remittent but 
continues to rise daily to 103°F or so for many months on end — the patient 
IS thin and emaciated and the spleen is large , the chronic t 3 rpe, clmicaUy 
verv like chronic malaria, the patient often giving a history of illness for 
a year or so with only occasional bouts of fever, and attending first for some 
complication, such as dysentery or pneumonia , and finally the real ambulatory 
type, the well-developed patient who seldom suffers fiom fever but who has 
had an enlarged spleen which does not worry him much and who would normally 
not seek medical advice The second and third types form the bulk of oui 
patients in Calcutta , we have not observed any difference in the proportions 
of the two types at the peak of the hyper-endemic waves, as compared with 
the present time The last-mentioned type is not often seen by us in Calcutta 
but this does not necessarily mean that it is rare , it may simply mean that these 
patients do not come to our notice Our own experience in Assam during the height 
of the epidemic wave was very short, but from our limited experience during the 
epidemic period, from our more extensive experience in recent years, and from 
reports we have seen, we are satisfied that all four tjpes occur, both during the 
epidemic and during the non-endemic periods, but that during the non-epidemic 
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period there is a distinct swing to the right, and as Shortt has said there are fewer 
cases of the fulminant and acute types 

In Madras all types seem to be lepresented but m our experience the ambulant 
type is far more common than it is in Assam or Bengal — m Kayalpatnam a number 
of these cases weio encountered both during the last survey and during the present 
one, and the fulminant type is very raie In Madras city the acute type is the rule 
but the chronic type is also seen fairly frequently No periodic change in the type 
of case has been noted 

Thus, it can be said that theie is no real diffeience in the clinical picture of 
kala-azar seen in the three areas of its activity, or between the epidemic and non- 
epidemic periods, but that there may be, and probably is, a diffeience m the propoi- 
tious of the various types in these different areas, and that in Assam the relative 
incidence of the different ty'pes vanes at different times in relation to the annual 
incidence of the disease in the province 


De) mal lecslimamasis 

Hitherto very few cases of deimal leishmamasis (post-kala-azar) have been 
reported from Madras AYe have been able to find only 4 cases m the literature 
In Bengal the condition has been recognized for more than 10 yeais, it is now very 
frequently encountered, and its protean skin lesions have been described and 
depicted very frequently in medical journals so that one would expect that most 
medical officeis would be familiar with this condition Nevertheless we felt that 
this larity of the condition m Sladras requued further confiimation before being 
accepted as a fact 

Investigations m Madras soon showed that we had obtained a false impression 
regaidmg the rarity of these lesions It was found that 14 cases had been diagnosed 
in Madras in the previous two years , these were all t}'pical cases and there seems 
little chance of any mistake having been made in diagnosis as this had been confirmed 
m most instances by the finding of the parasite The cases that we were shown all 
had typical and well-developed lesions 

It was felt that personal investigation into the incidence of this disease should 
be reserved for the rural foci where more intimate contact with the general popula- 
tion IS possible In Kayalpatnam five cases wexe found during a very short visit 
They were all well-developed and elinically-typical cases , four of them had been 
diagnosed kala-azar and had been treated for this disease Amongst the same 
population 46 cases of kala-azar were discovered Undoubtedly many cases of 
both conditions were missed, but the patients suffering from kala-azar are likely to 
come foiward more readily than those with dermal lesions — especially the eaily 
lesions which are often unnoticed by the patients themselves , the proportion of 
dermal cases to visceral cases in this village is thus certainly not less than 1 to 9 
Compare this AVith the relative incidence of dermal leishmaniasis and kala-azar m the 
village area m Bengal which the senior writer (L E N ) investigated (Napier, 1931) 
In this area the population was about 5,000 , the kala-azar incidence was 387 and 
the dermal leishmaniasis incidence 10, over a period of six years By systematic 
examination of 120 persons who had had kala-azar, 6 were found to have dermal 
lesions If we take the first figures, we see that the proportion of dermal to visceral 
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cases was 1 to 39, or if we take the other figures it was 1 to 20 Furthermore, most 
of these Bengal cases only showed early lesions which would not have been recognized 
by anyone who had not had considerable experience in diagnoamg this condition 
in all its stages — in foui cases the patients themselves had not noticed the lesions — 
whereas the Kayalpatnam cases all had well-developed nodular lesions 

It IS apparent that in this village at any rate the dermal lesions are more common 
than they are in Bengal generally Whether this remark is applicable to the whole 
of the Hladias endemic areas is not ceitam, but it seems very probable that, as the 
knowledge regarding the diagnosis of this condition is disseminated amongst 
medical practitioneis in Madras and Southern India, more and more cases will be 
diagnosed 

Again, in Assam dermal leishmaniasis is apparently rare Theie is every reason 
to suppose that this rarity is not onlv apparent but real, as during the whole six 
years the Kala-azar Commission were v/orkmg in Assam not more than 5 oi b cases 
were encountered The officers on this Commission were all familiar ivith this 
condition, they visited manj parts of the province and saw tens of thousands of 
cases of kala-azar 

The w eight of evidence thus suggests that the proportion of dermal to visceral 
leishmaniasis is very high m Jladras, not so high in Bengal and veiy low in Assam , 
that is to say, the incidence of dermal leishmaniasis is in direct propoition to 
the ‘ chrouicity ’ of the leishmania infection in the population 


Discussion 

The observations recorded in this paper appeal to us to hav e some importance 
m their lelationship to the general pioblem of the epidemiology of the disease in 
India The writers (Napiei and Knshnan, 1931) have already suggested that the 
dermal lesions, the sequelie of the visceral infection, may play some important part 
in this connection 

Dermal leishmaniasis m a} be considered as a phenomenon of imperfect immumty 
response on the part of the host We will leave out of consideration for the time 
being the effect of treatment Amongst those who survive the visceral infection, 
there will be a percentage that show evidence of this imperfect; immunity response 
and develop dermal lesions When the disease is invading virgin soil, the mass 
immunit}- is low, the infection is easily established, and the disease is epidemic , the 
clinical disease — the evidence of the fight between the parasite and host — is acute, 
there is little scope for host-parasite adjustment, and the result is a decisive victorv 
on one side or the other This was the state of affairs in the early Assam epidemics , 
history relates that 95 per cent of patients died, the rest bemg completely cured 
Amongst so small a niimbei of surviving hosts, there would be a negligible number, 
if anv, of examples of imperfect immumty response 

With an increase in mass immunity in the population, which inevilablv follows 
the subjection of a population to repeated epidemics, the disease wiU become 
endemic, it will assume a less acute symptomatology — the host-parasite battle will 
be less severe , there will be more scope for host-parasite adjustment, there will 
be a greater number of surviving hosts, and the examples of imperfect unmumtv 
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response will begin to appeal This is the state of affairs that eyistecl in Bengal up 
to about 15 yeais ago 

"With the furthei increase m mass immumty the chronic foims of the visceral 
disease appear, theie aie still more survivors and amongst these a greater number 
show evidence of impel feet immunity response, i e , dermal lesions , this is the state 
of affairs which we believe exists in some rural endemic areas in Southern India 
to-day 

Biologically, the final goal of all parasitization is symbiosis From the point 
of view of the parasite the visceral localization is very unsatisfactory as the result 
will be eithei cure, oi the death of the host , it is not to the advantage of the parasite 
to kill the host, but circumstances lead to its doing so The dermal lesion, a non- 
fatal condition which may last foi many yeais, is a compromise, but the lesions 
themselves aie evidence of some host resistance, and a state of afiaus is conceivable 
wheie complete symbiosis occiii s, the parasite existing in the skin without producing 
lesions Actual experience suggests that this may occur as we have seen many 
eases in which lesions, so slight as to be overlooked by all but the most experienced, 
have existed for vears 

We have referred to host-paiasite adjustment, the implication is that the 
compromise is brought about by a change in both the host and the parasite Though ‘ 
the evidence of any change in the parasite may be small it is not inconceivable that 
the parasite does take some part in a combined movement towards symbiosis Thus, 
in Assam where the infection is transmitted fiom visceial cases there was little 
tendency for the transmitted infection to assume a dermal foim , m Bengal with the 
appearance of the deimal forms an incieasmg number of transmissions occur from 
dermal cases — in the hypo-endemic periods they aie possibly all from dermal cases — 
and there will be a greater tendency on the part of the parasite to assume a dermal 
localization 

We believe that specific treatment has the effect of aiding the natural 
immumfcy response If this is the case the result of the introduction of specific 
treatment will not produce any sudden change in the nature of the disease 
though it Will probably tend to accelerate the natural evolutionary adjustment 
between host and parasite When the association is new and there is a 
severe balanced struggle the result of treatment m the majority of cases 
will be a weighting of the scales markedly in favour of the host The actual 
number of cases of imperfect immunity response will be but few though 
greater than piior to the mtioduction of treatment in the locality When, 
however, the association is older and there is a natural tendency towards 
compromise or symbiosis tieatmenb merely incieases this tendency and gives 
rise to a greater number of instances of imperfect immunity response This 
we thinlc is the reason why the proportion of deimal cases to visceral cases is higher 
m‘ Madras than in either Bengal or Assam 

Our conclusion is that m Southern India are the oldest foci of kala-azar, as far 
as India is concerned, that here the disease has passed through the two stages now 
seen to exist m Assam and Bengal, respectively, and has reached a ‘ chronic 
stage where there is no rise and fall m incidence from year to yeai and the 
disease is truly endemic, and that the transmission is almost entirely from 
dermal infections, so that treatment of kala-azar cases alone does not anec 
the general incidence of the disease 
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APPENDIX 

REPORT ON INVESTIGATION IN MADRAS 

BY 

K V KRISHNAN, mb, mpcpe, db (Lond ), i) sc 

In November 1931 Dr Napier paid a visit to Madias and to some of tbe kala- 
azar areas m the JIadras Presidency In the report that he submitted he sug- 
gested that an officer from the Kala-azar Inquiry should be sent again to Madias to 
continue the work he had started, and he indicated the lines of investigation that 
would be most profitable In accordance with this plan the writer proceeded 
to Madras on 1st April, 1932, and from 3rd April, 1 932, to 7th July, 1932, he 
conducted a kala-azar investigation m Madias city, in Rameswaram island, 
Devipatnam and Kilakarai in Ramnad district, and at Kayalpatnam in 
Tmnevelly district . 

The chief object of the investigation was to note the changes that might have 
occurred m the incidence and character of kala-azar since the last survey m 1924, 
and to obtain a coirect idea regarding the prevalence of dermal leishmaniasis in the 
places visited 

The scheme of work adopted for the Madras city was the same as that of Korke 
(1912) and of Cunningham and Varadarajan (1923), and consisted m a detailed 
analytical study of the kala-azar case records of the fom: large hospitals in the citv, 
1 e , the General, the Royapuram, the Royapettah and the Women and Children’s 
hospitals, for the period 1923 to 1931 

As the hospital records of the endemic areas outside the city of Madras were 
incomplete and unreliable, the plan of work adopted by Turkhud, Knshnan and 
Seetbarama Iyer (1926) during there survey of these areas m 1924-1925 was followed 
This consisted m the collecting together of all cases of enlarged spleens m 
one central place of the village visited and from among them picking out kala-azar 
cases after a careful clinical exammation followed by an aldehyde test or demonstra- 
tion of the parasite m the blood, or both 
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Kala-azar in Madbas 

Madias city — The Madias hospital records show that 2,253 cases of kala-azar 
were treated diuing the peiiod 1923 to 1931 , this excludes the cases treated m the 
General hospital in 1931 as records were not available In addition to this, by 
interviewing private practitioners in some of the heavily-infected areas in’ the 
cit}'-, records weie obtained of 229 cases that had been treated bv them , but as 
the information regarding these cases is incomplete these are not being included 
in the statistical analysis presented below 

The yearly distribution of kala-azar cases in the four large hospitals in Madras 
city IS given below in a tabular form — 

Table 


Disliibuhon of lcala-a?m cases tn the Madias hosjnials fiom 1923 to 1931 


Years 




1926 

1927 





Total 

General hospital 

163 

187 

182 

152 

165 

140 

120 

1 

1 

137 

130* 

1,376* 

Eoyapiirain hospital 

73 

112 

97 

82 

CO 

108 

82 

80 

107 

810 

Rovapettah hospital 

1 . 

5 

16 

15 ' 

19 

22 

22 

17 

1 

25 

142 

Women and Cliildren’s 
hospital 

2 

3 

6 

G 

3 

3 

15 

■ 

10 

55 

Totils 

239 

307 

301 

255 

247 

273 

239 

250 

272* 

2,383* 


* The figure for the General Hospital for 1931 is estimated as records were not available at the 

time 


From the abo\e table it will be seen that the number of cases of kala-azar 
admitted into the four large hospitals in the city has been more oi less constant 
during the last nine years 

In a detailed stud)'- of the kala-azar case histones only 1,558 of the 2,263 cases 
of kala-azar that v/eie treated in the hospitals could be associated with any definite 
place of residence within the city The distribution of these cases according to the 
municipal divisions from which they originated is shown in a tabular form {ude 
Table II of the paper) It will be,evident that there are at least 3 chief foci foi 
kala-azar in Madras city, one in Geoige Town and Eoyapiuam, another in Choolai 
and New Town, and a third in Chintadnpet These three have always been and 
still aie the worst areas Even from the divisions farther removed from these foci 
one or more cases are being reported eveiy' year There is a very strong local 
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impression that the disease is slowh and steadily spreading in all directions and 
involving new areas in the city, but the evidence adduced does not support this 


KmA-AZAR cases from OUISIHE THE CITY OF MaDRAS 


Of the lemaining 695 kala-a?ai case lecords studied, 580 were incomplete, and 
the other 115 showed that the cases oiigiiiated from outside the city of liladras Out 
of these 105 came from knoivn kala-azai endemic aieas and the other 10 from 
Malabar which has hitherto enjO}ed the reputation for being free from kala-azar 
One 15 not certain whcthei all these ten patients actually contracted the infection 
during their residence in Malabar , it is possible that some of them may have been 
infected from endemic areas that the> had visited previously , the histones are not 
clear on this point In addition to the above ten cases I learnt of two more that a 
practitioner in the city had treated Both these cases had come from Calicut, one 
was a girl of 6 and the other a boy of 10 On interviewing relatives of these 
patients it u as found out that the bov toi certain had never left Calicut for any other 
endemic area prior to his illness, but that the girl had paid two visits to Madras a 
year previously and on both these occasions she had stayed in Royapettali The 
names of places in Malabar flora which the above-mentioned kala-azar cases possibly 
contracted the infection, are Ponnam (1), Palghat (2), Badagara (1), Mangalore (2), 
Travancore (1), Calicut (2), the exact place of residence of the other case not being 
noted 


Diagnosis — The methods adopted for the diagnosis of kala-azar cases in the 
hospital are given below in a tabular foim The figures represent the number of 
cases diagnosed by each of the methods — 

I Discovery of parasite in 


l>eripheral blood { 

Liver puncture 
Spleen puncture 

II Serological tests { cllprltantimony test 

III Clinical 


68' 


4 

242 

736 

422 



691 

826 


In Cunningham and Yaradarajan’s series only 20 5 per cent were diagnosed by 
the fiinding of the parasite There is no reason to believe that diagnostic inaccuracy 
will have vitiated the figures to any great extent in either survey 

It will be evident from the table that Chopra’s antimony test is not very popular 
with the physicians in hospital Inquiries of private practitioners showed that 
they find the test of greater value than the aldehyde test for the diagnosis of 
early cases of kala-azar If it is so, then the test well deserves a more extensive 
trial in hospitals 

Tieatment — Uiea-stitamme is still the most popular remedy Neostibosan 
(or Bayer ‘ 693 ’), which is now widely used in Bengal and Assam and almost exclu- 
sively at the Calcutta School of Tropical Medicine and outside India, has not as yet 
been given a fair trial 

Moitahty — The mortality rate among the kala-azar cases treated in hospital 
was 4 1 per cent (93 out of 2,253) 
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In tlie following tables the incidence of the disease according to age, sex and 
religion is given — 


Ago — 

1 to 5 yeais 

6 to 10 „ 

11 to 15 „ 

16 to 20 „ 

21 to 25 „ 

26 to 30 „ 

31 to 35 „ 

36 to 40 „ 

Ovei 41 „ 


Sex — 

Males 

Females 


Religion — 

Hindtia 

Chnstnna i fDflo Indiana 

I Indian Christians 
Mohammedans 
Other castes 


69 cases 3 45 per cent 


238 

ff 

11 91 

363 


18 17 

428 

tf 

21 43 

365 

tf 

18 27 

201 

yt 

1016 

101 

yy 

5 06 

98 

yy 

4 91 

132 

yy 

6 61 


Total 

1,997 case'? 


1,677 


576 

Total 

2,253 


1,339 

cases 

343 

yy 

203 


122 

yy 

246 

yy 


Totvl 2,253 cases 


From the above tables no useful inferences can be drawn as the figures are those 
of a selected hospital population and, as such, subject to vaiious limitations and 
fallacies They compare veiy closely with the figures of the last survey except that 
the proportion of Indians is considerably gieatei 


Kayalpatnam 

This IS a sea coast union village in the Tinnevelly district, with a population of 
neaily 9,000 The last kala-azar survey of the place was conducted by the writer 
in 1921 At that time 109 cases of enlarged spleen were seen and of these 82 proved 
to be kala-azai During this survey 77 cases of enlarged spleen came up for 
examination and of these 46 turned out to be kala-azar This number does not, 
however, give a correct picture of the incidence of the disease in the place From 
personal observations as well as from a study of the dispensary records it is thought 
that there are at present at least a hundred cases of kala-azar m Kayalpatnam The 
conditions as regards kala-azar do not seem to have changed at all The treatment 
offered in the dispensary is, as it has always been, anything but satisfactoij' The 
medical officer complains that he does not get any of the newer remedies, such as 
urea-stibamine, for use , he is still being supplied only with solution of antimony 
tartrate, and with this his cure-rate is never very high The people are mostly 
veiy poor and cannot afford to buy urea-stibamine, or other efficient remedies In 
a closed Mohammedan community, such as the one at Kayalpatnam, and with a 
limited number of kala-azar cases, it would be inteiestmg to see if the disease could 
be completely eiadicated by correct diagnosis and mtensive treatment of every 
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case of kala-a/ai Such a campaign w oiild be neither too costly nor too difficult to 
carry out, and the result obtained should be valuable fiom seveial points of view 

Phlebotomus aigenlipes in K ■vyalpatnam 

One of the most inteiesting discoveiies made duiing this visit to Kayalpatnam 
was the finding of P ai genii pei in the place It will be remembered how during the 
previous siuvey despite a deteimmed effoit to find sandflies no success resulted 
Although the failuie to obtain sandflies was at the time attributed to the unsuitabil- 
ity of the season and such other causes, the opponents of the sandfly theory have 
always tried to make capital out of this The finding of P argentipes at 
Kayalpatnam proves finally that in eveiv kala-azai endemic area m India these 
sandflies aie prevalent 

Among the sandflies caught, three species were represented, i e , P aigentipes, 
P minutus var , and P malabancus 


RAMiSWARAM ISLAND 

Since 1906 this island has persistently enjoyed a reputation for being a badly 
infected area for kala-azar During the last survey of the island m 1924-1925, 77 
cases of kala-azar W'ere discovered This time the writer went there with the full 
expectation of finding a good number of kala-azar cases, but even after a thorough 
search was able to get only 10 eases Although it is not claimed that this figiue 
gives a true representation of kala-azai incidence in the island it certainly helps to 
show that the disease is definitely on the decline The inhabitants, as well as the 
medical officei of health, are quite positive that cases of enlarged spleens are fast 
disappearing from the island What the true cause of this declme is one is not 
certain But it is suggested that the intensive anti-malarial operations that are now 
being earned out in the island are to some extent responsible for this decline m 
kala-azar 

The following table gives the number of kala-azar cases detected in each of the 
places visited — 

Table 


Showing the number of kala-azar cases delected in seme of the kala-azar 
endemic areas in the Madras Presidency 


Name of Milage 

Name of 
distnct 

Number 
definitely 
diagnosed as 
kala azar 

Number 
probably 
kala azar 

Number 
defimtelj' 
diagnosed as 
non kala azar 

Total number 
of cases seen 

Kayalpatnam 

Tinnevelly 

21 

25 

31 

77 

Kiiakarai 

Ramnad 

20 

18 

14 

62 

Devipatnam 


3 

1 

3 

7 

Rameswaram i«!land 


7 

3 

49 

69 

Totals 


61 

47 

97 

196 
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Dermal leishmaniasis in Madras 

A study of the hospital lecords, as well as inquiries of practitioners, showed 
that from September 1930 to April 1932, 14 cases of dermal leishmaniasis had been 
diagnosed in the city of Madras Of these, three that weie being treated at the 
tune of the writer’s visit weie shown to him There was no d'oubt that they 
weie typical cases 

With regard to the kala-azai endemic areas outside Madras citv no case of 
dermal leishmaniasis has hitheito been icported from any of them * During the 
visit to these areas theiefore the wiitei was especially on”the look out for dermal 
cases Inquiries showed that the medical officers of these aieas had never seen a 
case of deimal leishmaniasis before and could not even recognize one as such when 
thev saw it 

In Kilakarai a suspicious case of dermal leishmaniasis was brought, but as 
this patient did not turn up for a propei diagnosis one cannot be certain about this 
case 

In Kayalpatnam, it was an easy matter to obtain within a short period five 
cases of dermal leishmaniasis In every one of them the clinical diagnosis was 
confiimed by the finding of L donovmn in the smeais from the lesions The distri- 
bution and natuie of the lesions showed absolutely the same characteristics as in 
Bengal , depigmented patches, nodules and butterfly erythema were all met with 
The part of the body most often afifected was the face, lesions were generally found 
on the tip of the nose, on the chin, margin of the lips, and on the pmnm of the ears 
The disease is certainly not rare and if one is on the look out for it he is sure to obtain 
a few cases at any time of the year In the past the medical practitioners were 
not familiar with the protean manifestations of the disease, and often mistook the 
cases foi those of syphilis, leprosy, and fungus infection If arrangements could 
only be made to demonstrate dermal cases to the medical men m the kala-azar 
endemic areas and to teach them to diagnose the disease correctly then increasing 
numbers of cases will certainly be reported every yeai There is no reason to believe 
that the conditions, responsible for tbe causation of dermal leishmaniasis m 
Bengal, are not prevalent in Madras 


The writer washes to express his thanks to the Surgeon-General and the 
Director of Public Plealth, Madias, both of whom very kindly made all the arrange- 
ments necessary’’ for the carrying out of the work he had on hand His thanks are 
also due to the Personal Assistant to the Surgeon-General, the Superintendents of 
the hospitals m the city of Madras, the Professor of Pathology, Medical College, 
Madras, the Director, King Institute, Gnindy, the District Medical Officers and 
the District Health Officers of the Ramnad and Tmnevelly districts for the 
facilities and assistance that they willingly offered to him 
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[Received for publication, March 15, 1933 ] 

Since the first observation of leishmauia m the protean skin lesions that 
are a comparatively common sequel to generalized leishmania infection (kala-azar), 
there has Len little doubt that the organism causing these lesions was the same as 
that which causes the visceral infection No morpho ogical differences have ever 
been demonstrated Culturallv it behaves like Leishmania donowii (Knowles, 
Napier, and Das Gupta, 1923) and when inoculated into a mouse s peritoneal cavity 
It gives use to a geLralized infection (Das Gupta, 1927) , adinittedly in a monkey 
localized nodular lesions were produced without a generalized mfection but this 
has been reported in animals inoculated with the visceral strain A further point 
of smiilarity in the two strains was provided by Shortt, d Silva, and Swaminath 
(1928) who showed that Phlebotomvs argentipes fed on a nodule developed 
a flagellate infection similar in every way to that developeu in this fly when it 
13 fed on a kaia-azar patient These workers fed the flies on the individual 
nodules by means of a test-tube inverted over the nodule 

About this tune, that is in 1928, some of the writers repeated the last-mentioned 
experiment, but in addition they fed other flies on the depigmented areas in cases of 
post -kala-azar dermal leishmamasis The flies were not, except in a very few 
instances, fed a second tune , they were dissected when they died, or at the end of 
the fourth day One fly fed on a nodular lesion showed a flagellate infection, 
but all the flies fed on the depigmented lesions were ‘ negative ’ The number of 
flies dissected in this expeiiment was 77 

( 173 ) 
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Infection of PMebotomus argentipes. 
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Some tune later at a more favourable tune of the year (i e , during August- 
Septembei) at the suggestion of the senior writer (L E ISl ) — though actually 
diumg his absence — the two junior writers (C R D G and S lil ) repeated 
this experiment, but instead of dissecting the flies at an earlier date they allowed 
them to feed a second and, if they survived, a third and even a fourth time The 
feeds subsequent to the first weie on unmfected mice On the nodules the flies 
were fed from a test-tube, but for the depigmented lesions the whole limb was 
put into a sandfly feeding cage and the flies weie allowed to feed where they 
wished The results of these experiments are summarized in the Table, cases 
I and II 

This particular experiment was not repeated untd 1932 when there was a 
temporary shortage of kala-azar patients suitable for infecting sandflies There 
was at this time in hospital a patient who had very extensive dermal leishmaniasis 
lesions all over his body , on his arms and forearms he had onlv depigmented lesions, 
but these involved nearly half the skin surface Sandflies were fed on his arms on 
several occasions and a certain number dissected after subsequent feeds on unmfected 
animals A high percentage of infected flies was found amongst these , the results 
of the dissections are shown in the Table (case III) A large number of flies were 
fed on this patient subsequently in our hamster infection experiments, but no 
separate record was kept of the results of dissection 

Einally, a number of sandflies were fed on the arms of a woman who had very 
early dermal lesions These lesions weie so indistinct that a senior member of the 
staff of this institution who was asked to examine her arms did not observe the 
lesions untd they were pointed to him, and the woman herself was unaware of their 
existence She had been treated by us two years previously for kala-azar and came 
to the hospital only to bring her child who had developed the disease subsequently 
Unfortunately at the time this experiment was commenced the weather was 
becommg cold and flies were not feeding well , 20 flies were fed and were dissected 
after an interval of 3 or 4 days , of these one was found to be infected 


Discussion 

In a histological section of the granulomatous nodular lesion of deimal leish- 
maniasis, parasites will be seen lying in tissue histiocytes in the sub-papillary layer 
of the skin well within the reach of the proboscis of a sandfly It is therefore quite 
natural that if a fly feeds directly on such a nodule that it wiU become infected On 
the other hand, except by cultural methods, we have always failed to demons- 
trate the parasites in the depigmented lesions It was therefore a matter 
of some considerable importance to decide whether or not sandflies fed on the skin 
exhibiting these lesions would become infected 

It will be seen that the infection rate amongst flies dissected within two or three 
days, that is before they took a second feed, was veiy low indeed This is not very 
surprising, and is to be accounted for by the fact that the parasites ingested are few 
in number and will in many cases be overlooked when the sandfly is dissected On 
the other hand if the flies are kept alive for some time the flagellates multiply and an 
infection”will be recogmzed in almost every instance It will be seen that the 
infection rate after the 3rd and 4th feeds w as very high indeed , an infection rate of 
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29 per cent is higher than one usually obtains when the peripheral blood of a kala- 
azar patient is used as the source of the blood meal 

It must be remembeied tiiat the flies in cases II and III weie not placed directly 
on a depigmented area, but were at liberty to feed on any part of the skin that was 
exposed — usually a considerable portion of the limb, if not the whole limb Many 
of the persons suffering fiom this condition have lesions all over the body, so that lu 
Nature, w^hen a sandfly feeds on such a person, the chances of that fly becoming 
infected are very considerable 

We have showm elsewhere that persons with obvious lesions are common in 
areas where kala-azai is endemic All stages of development of the lesions aie 
encountered, but the earliest clinical stages never appeal within a yeai of the cine 
of the visceral infection Now the distribution of the parasites to their dermal foci 
can only have taken place during the visceral infection and therefore they must have 
been latent foi at least a yeai before they produced clinical lesions We have 
shown above that sandflies can be infected from the very earliest climcal lesions and 
it IS therefore quite possible that they can also become infected from a person 
before he begins to show dermal lesions 

Sporadic attempts have been made from time to time to find infected sandflies 
in Nature, but workers in India have never felt justified in spending much tmie on 
this investigation Sandfliep lequired for maintaining the stock of laboratory-bred 
flies are most easilv caught in cow-sheds and there is often a certain amount of 
opposition encountered when the insect collectors try to collect flies from houses 
or huts However, as eaily as 1926 Craighead (Shortt, Barraud, and Craighead, 
1926) found a wild sandfly infected with a flagellate (munbei examined not stated) 
indistinguishable fiom Z donovam, and in 1928 in Assam the second writer 
(E, 0 AS) found 7 infected flies out of 229 examined About the same time the 
semor writer (L E N ) w'ho was at that time in-charge of both the Kala-atar Com- 
mission in Assam and the Inquiry in Calcutta instituted a similar mvestigation 
in Calcutta The device of feeding the flies on a mouse to prolong their lives 
wras resorted to and 48 flies of which 40 were given two, and 8 more lhan two 
additional feeds on clean ammals weie dissected , one was found infected 
In each case except the last-mentioned the flies were caught in huts where 
kala-azar patients were known to be living at the time 

It seems important that this particular line of research should be continued, as 
the finding of a number of infected flies in an endemic aiea during a hypo-endemic 
period would have a very obvious significance A large number of flies woijld have 
to be dissected and the value of the work would be enhanced considerably if it were 
continued throughout a whole year The positive finding in the last series of 
dissections was in a fly caught at the end of April, that is to say in the hot weather , 
in neither of the papers referred to above is the time of year when the infected flies 
were caught noted 

The possibility of dermal lesions constituting a reservoir for carrying the 
infection over a hypo-endemic period m the kala-azar-endemic areas has been 
discussed fully elsewhere (Napier, 1931, Napier and Krishnan, 1931, 1933) 
That the persons exhibiting skin lesions are an abundant source of infection for 
sandflies, wm have shown above, and the suggestion is again put forward that tins 
source of infection may not be limited to persons showmg obvious clinical lesions 
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SOMMARY 

A flagellate mfection rate of 30 per cent was clemonstiated lu a group of 
* sandflies (P argenlipes) fed on tlie limbs of patients exhibiting the depigmented 
lesions of post-kala-azai dermal leishmaniasis 

This high percentage was only achieved by giving the sandflies two oi three 
subsequent feeds on clean mice, and thereby keeping them alive foi some days , 
only one out of 38 flies not given a subsequent feed was found infected 

A sandfly was infected from the arm of a patient who exhibited lesions so 
rudimentary that they would only have been noticed by a medical man who had had 
consideiable experience with this condition The possible significance of these 
obseivations is discussed 
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The experiment. 

Four groups of young albino rats were fed as follows ~ 

Group I (Controls) On a diet consisting of starch 60 parts, meat lesidiu 
20 parts, olive oil 10 parts, dried yeast 5 p.irts, cod-livtx oil 2 
parts, salt-mizture {McCollum’s), containing 0 45 g of Kl, 

5 parts and distilled water ad libitum 

Group II On the same diet as above , but m which the cod-liver oil am' 
yeast were replaced by soya-bean m the propoition of 1 , 
per rat per day 

Group III On the same diet as above , but m which the olive oil, yeast 
and cod-liver oil were replaced by 16 parts of unhusled 
ground-nut 

Group IV On the same diet as above , but in which the olive oil, yeast 
and cod-liver oil were replaced by 15 parts of hushed ground- 
nut 

Each animal was confined in a separate screened cage undex conditions of 
scrupulous cleanlmess The duration of the experiment was 91 days 

Results of the experiment 

The results of this experiment are shown in Text-figures 1 and 2 Fiom these 
It will be observed that a high incidence of thyroid enlargement occurred m Groups 
II, III and lY, while no cases of enlargement occurred in Group I (Controls) 

The mean size (‘ r ’—the mean thyroid-weight divided by the mean body- 
weight) ot the thyroid gland m the four groups was as follows — 

Group I (Controls) 6 63 ± 0 37 mg 

Group 11 (Soya-bean) L rq , o 70 

Group III (Unhusked ground-nut) 21 69 ±2^9 
Group lY (Husked ground-nut) 17 35 ± 3 37 „ 

( 179 ) 







Figs 1 to 4 Showing the 
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The differences in size of tlie gland between that in the Controls and that in 
Groups II, III and IV are significant They indicate that in the absence of a suffi- 
ciency of vitaniin-beaiiug food-ingiedieuts, both soya-bean and giound-nut were 
goitie-producing 

It will be noted that thyi oid enlai geinent occurred despite the ingestion of iodine, 
as potassium iodide, in large amounts The average food consumption per rat per 
day was 10 to 12 gi The amount of iodine ingested, as Kl, was, accordingly, from 
1,725 to 2,070y per rat daily It has been shown m another place (McCarrison, 
1930) that iodine maj have a goitiogeuic action when administered to rats fed on 
diets deficient in vitamin-bearing iiigiedients 

The histological appearances of the enlarged glands are shown in Plate VII, 
figs 1 to 4 The aberrant hyperplasia and keratmi/ation of the glandular epithe- 
lium are characteristic of vitamin A-deficiency (McCarrison, 1927) 
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Cover-slip preparations of the embryo-chick (18-daj) thyroid were made m 
the usual way , the medium employed being hen-plasma 60 parts, 9-day embryo- 
chick extract 25 parts, and Tyrode solution 25 parts Thyroid tissue grows well in 
this medium , the rate of growth is indicated in Text-fig 1“ Growth during the 
first 54 hours is both epithelial — in the customaiy sheets (Plate VIII, fig 1, and 
Plate IX, figs 3 and 4) and fibroblastic (Plate XI, fig 8} Metabolic activity- is 
marked , and from about the sixtieth hour onwards liquefaction of the medium 
occurs (Plate VIII, fig 1) Yhen this liquefaction has reached a certain point 
large, single or multiple vacuoles appeal in the mass of gi owing tissue , the 
final appearance (‘ Signet-ring stage ’) at about the eightieth hour being such as 
IS represented in Plate VIII, fig 2 Thereafter growth ceases, owing to the 
accumulation of metabolites, and is resumed only after washing m Tyrode and 
replanting The appearance at this stage is similar to that seen in cultures of 
Roiis-Sarcoma it is indicative of an intense metabolism of the growing thyroid 
cells 

Growth IS largely dependent on the age of the plasma , the older the plasma 
the slower the growth 

For the purposes of the piesent investigation, observations were made at six- 
hourly intervals up to the eightieth hoiu , the growth being outlined on squared 
paper, with the -aid of the camera lucida, and afterwards translated into curve-form 
(Text-figs 1 to 4) Means of estimating the effects of different concentrations of 
iodine m the culture-medium weie provided both by the rate of the tissue-growth 
and by the rapidity with which liquefaction of the medium occurred 


♦ Relative growth — — , where A is the surface area of the original fragment and B is the 

flual surface area of culture 
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In tlie obsei rations which follow iodine was added to the culture-mednim ui 
the foim of sodium iodide The salt was dissolved in Tyiode solution of standaid 
composition , the solution being such that, when it compiised 25 pei cent of the 
cultiue-medmm, the amount of added iodine was 12 5, 25 0, 50 0 or 100 Oy per 
100 c c of the medium In each observation several specimens were put up 



Text fig 1 Showing normal curve of growth of thyroid tissue in vitro 


6 to 12 (controls) to which no iodine was added , and 6 to 12 to which 
iodine was added The plasma used was of a diffeient age in each eApeiiment 
and, for this reason, the late of giowth in one experiment is not to be compared 
with that in another 

The results are shown m Text-figures 1 to 1 and in Plates X to XII, figs 5 to 10 
They may be summarized as follows — 

(1) The addition of 12 5y of iodine per 100 c c of the culture-medium had 

little effect eithei on the rate of giowth of the thyroid tissue in wire 
or on the metabolism of the cells (Text-fig 2) If anything, the effect 
of this concentration of iodine was slightly stimulating 

(2) The addition of 25 Oy of iodine per 100 c c of the culture-medium had a 

pronounced stimulating effect on the growth of thyroid tissue in vitro 
(Text-fig 2) It also increased the late of metabolism of the growing 
cells as judged bv the rapidity with which liquefaction of the medium 
occurred (Plate X, figs 5 and 6) 

(3) The addition of 50 Oy of iodine per 100 c c of the cultiue-medium increase 

the rate of metabolism of the growing cells but had ® 
stimulating effect on their rate of growth (Text-fig 3 and Plate i 
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Text fig 2 Showing ourye of growth of thyroid tissue t« vitro 
as affected by the additions of 12 5y and 25 Oy of iodine per 100 c c 
of the culture medium 



Text fig 3 Showing curve of growth of thyroid tissue in vitro 
as affected by the addition of 60 Oy of iodine and of 100 Oy of bromine 
per 100 0 0 of the culture medium ^ _ _ 
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figs 7 and 8) In this experiment the effect of this concentration of 
iodine was compaied with that of 100 Oy biomme It will be noted 
(T ext-fig 3) that the lattei had approximately the same effect as the 
former 

(4) The addition of 100 Oy of iodine per 100 cc of the culture-medium 
greatly enhanced the rate of metabolism of the growing cells and 
halv^ed the duration of then life loi vitro grow th ceasing at the 
fortieth hour Up to this hour the rate of growth was the same as 
in the control senes (Text-fig 4 and Plate XII, figs 9 and 10) 



Text fig 4 Showing curve of growth of thyroid tissue tn vitro as 
affected by the addition of 100 Oy of iodine pei 100 c c of the culture medium 


From these observations it would appear that iodine has different effects on 
growing thyroid tissue depending on its concentration in the plasma At a concen- 
tration of X-}-2o Oy, wheie X is the original iodine-content of the medium, ^it 
markedly stimulating action on then growth At higher concentrations (S-f 50 Oy 
to X-|-100 Oy) it augmented the metabolism of the cells but shoitened their life 
vitro In the latter ciicumstanoe its action recalls the effects produced by its 
administration to tadpoles their growth is retarded while then metamorphosis is 
hastened 

Eecent observations, the results of which will be published at a later date, 
appeal to indicate that these effects of iodine aie not limited to thyroid tissue , n 
that similar effects on certain other tissues aie produced by it 



Plate VIII 



Fig 1 60 hour growth of thyroid Stained hcematosvhn Note large vacuole 

at lower pole and another at left margin These are due to digestion and hquefac- 
tion of the plasma olot 



Fig 2 80 hour growth of thyroid Stamed hoematoxylm Note formation of 

ring due to hq^uefaction of the plasma olot, and surface epithehal growth 




Fig 3 Thyroid epithelium 


growing in vitro. 



Fig 4 


Thyroid epithelium growing in vitro. 



Plate X, 


o 
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Tig 5 48 hour growth of thyroid tissue Stained h£emat03yhn 

No iodine was added to the medium Plasma used was 16 days old 
Compare with Fig G 



Fig 6 48 hour growth of thyroid tissue Stamed hsematosyhn 26 0 y of 

iodine was added to the medium Plasma used was 15 days old Note enlianeed 
growth and metabolism as compared with its control (Fig 5) 
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Polyneuritis gallinarutn was pioduced m a one year old black minorca hen 
by means of a diet composed of washed polished rice, autocla’ved dhal {Cajanus 
indicus), cod-li\ er oil, and orange juice the three last ingredients being administered 
artificially The mam deficiency of this diet was one of vitamin Bj The bird was 
bled at the onset of polyneuritic symptoms The plasma obtained from it was of a 
greenish-yellow colour contiastmg in this regard 'ivith the faintly yellow tinge of 
normal plasma fiom healthy control fowls Its pH was normal 

The tissues used were (a) nerve-cells of the spinal cord of the 8 to 9-day chick- 
embryo, (b) the thj’-roid gland of the 18-day cluck-embryo, and (c) fibroblasts of the 
heart of the 8 to 9-day chick-embiyo 

These were explanted m a culture-medium consisting of plasma 50 parts and 
Tyrode solution 50 parts, — clotting of the medium occmrmg in the mcubatoi The 
cover-slip method was used 

Cultures were put up in both normal fowl-plasma (controls) and in the 
‘deficient’ plasma,— the rate of growth m the one being compared vith that in 
the other 

After 24 hours incubation growth of fibroblasts and ner\ e-cells had occurred 
both in the ‘ control ’ and ‘ deficient ’ plasma There was the usual lag before 
growth of thj^roid tissue began , after 48 hours incubation, growth of this tissue had 
occurred in both plasmas But the various growths differed both qualrtatrvely and 

{ 187 ) 
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Effect of Plasma on the Gi oivth of .Tissues 


quantitatively in tlie two plasmas In the deficient plasma the aiea of giowth of 
Jib) oblasts was definitely smallei than in the contiol plasma , while the cells vere 
long, thin and lanky as compaicd with the W'ell-foimed, fusiform and loimded cells 
which foimed a thick matted giowth in the control plasma 

No ve-cells showed only scanty aMs-cylindei outgrowths in the deficient plasma 
and no migration into the field fiom the explant In the contiol plasma migration 
of neive-cells into the surrounding medium was well marked, whilst giowth was 
vigorous and piesented the usual chaiactciistics It was observed that such scanty 
grow'th as did occur in the deficient plasma undeiwent rapid degeneration 

The difi:eiences presented by tliyioul tissue m the two media were mainly quanti- 
tative , giowth in the control medium being much more vigorous 

Sub-cultiues of these tissues were made after 48 horns, the control cultures 
into normal plasma, and those in deficient plasma into deficient plasma After 24 
hours incubation the contiol sub-cultuies were found to be growing vigorously while 
those in the deficient plasma showed little or no giowth , not only so but such growth 
of nerve-cells as had occuiied undeiwent rapid degeneration , the deficient plasma 
appeared to have a toxic effect on the nci ve-cells 

Having failed to exhibit anything but veiy scanty giowth in the first sub- 
culture a second sub-culture of thyroid tissue was made into normal plasma After 
24 hours incubation in this plasma the tissue was found to be growing well though 
not so well as w^hen gi own in conti ol plasma fi om the fii st A thu d sub-culture into 
fresh control plasma resulted in a further improvement in giowth though the giowth 
was still not so good as in controls 

It is apparent from these observations that the deficient plasma was not only 
lacking in a growth-promoting factor or factors (probably vitamin Bi) but that it 
caused degeneration of nerve-cells that had already grown The effect of 
the deficient plasma on the giowth of nerve-cells is shown in Plate XIII, 
figs 1 and 2 



Plape xin 





Fig 1 48 hour gro'\\th of living nerve cells 

(unstained) grouing in a mixture of normal fowl 
plasma and Tjrode solution Note arborescent growth 
faintly seen at the periphery of the field, and vigorous 
grouth us eomparod with Fig 2 whieh is of same 
magnification 



Fig 2 48 hour growth of living nerve 

cells (unstained) growing m a mixture of 
deficient plasma — from a polyneuritic fowl — and 
Tyrode solution Note scanty giowth a few 
short axis cvhnder fibrils are to be seen at the 
upper pole of the explant 
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r used for the growth of tissues in 

Among the various factors o^ recognized as an important one 

vitro hydrogen ion concentiation the results of an investigation 

(Fischer, 1921) The ?J^to learn the optimum range of pH for the 

m the medium as a result of that grow i 

Technique. 

The method employed was S, ""with^ fowl-plasma and the 

A clot IS made at ^ chick-embryo, the proportions of these 

Tyrode extract of an 8 t J former to 1 part of the latter Small 

t^o constituents being 3 ^ 8-day embryo-chick are explanted into 

fragments of “ ,th a fluid layer of embryo extract The 

this clot and covered ^^ir-cap and incubated for several days 

flask is hermetically seal^ w jg examined periodically under a low 

at about 38 4°C The gro arowth charted on squared paper with 

power of the microscope an nundiei of squares covered on the graph- 

the help of the camera 

paper gives the aiea o ^ suitable procedure for bringmg about variations 

AYith a view to arriv ^ medium, a prelmiinarv titration of embr} o 

in the hydrogen ion concen t centimetre of embrjo extract and one 

extract was made touo potassium phosphate and sodium hydroxide 

( 189 ) 
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glass test-tubes, and the lesulting pH detei mined with the glass-electrode The 
results of two such expeiiments are given belov — 


Experiment 1 Experiment 2 


Tyrodo 

1 

8 57 pH 

1 

Tyrode | 

1 

1 S 48 pH 

Enibrvo extract 

7 17 „ 

Embrvo extract , 

7 40 „ 

pH of buffer added 

Residling pH 

pH of buffer added 

Resultins pH 

Tyrode 

8 00 

Tyrode 

8 14 

7 00 

7 00 

7 00 

7 47 

7 20 

7 21 

7 20 

7 01 

7 10 

7 70 

7 40 

7 77 

7 00 

7 50 

7 60 

7 87 

7 80 

7 00 

7 80 

7 97 

8 00 

7 77 

8 00 

8 06 


It will be noted in the hist place that the pH of the Tyrode solution, although 
the latter was of identical composition in both experiments, differed Similarly 
the pH of the embijm extiact, although piepared in an identical way, diftered 
significantly on the two occasions Eurthei, the curves obtained (Fig 1) on 



pH Added 

Fig 1 Showing the effect of adding buffers to tlie embryo 
extract 


plotting out the results of the two experiments differed m slope and curvature 
according to the pH values of the Tyiode solution and embryo extract 
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Since lien-pl isma forms p u L of the un chum ummI in the actual cultuial experi- 
ments it was consnleied necesMii to take pielimman pH readings of the actual 
culture-meduun AccoidingU , a clot i\ i mack In mixing hen-plasma and 
embryo-chick extract in each of scieial clean Ciriel flasks, and a mixtiue of 
embryo extinct and buftei was ipplied to the top of each clot After about 
two hours, when equilibimm of tlie ions was established, the fluids were taken 
out with a capillar} pipette foi measuienieiit of pH 

The following are the results of Iwo such expeiiments (Fig 2) — 

Experiment 3 Experiment 4 


Clot 0 7T c c plasma and 0 2") c c i ml)r\o 
e\tract 1 luid medium 0 71 cc embno 
extract and 0 7C c c bullcr solution 


Clot 0 5 c c plasma and 0 25 o c embryo 
extract Fluid medium 10 c c embrj o 
extract and 1 0 c c buffer solution 


Tj rode 

Embrj o extract 
pH of the added buffer 
7 00 
7 20 
7 10 
7 60 

7 80 

8 00 


8 22 pH 

Tj rode 

8 51 pH 

7 45 „ 

Embryo extract 

7 21 „ 

RLSulting pU 

Plasma 

8 46 „ 

7 41 

pH of the added buffer 

ResiUtin; 

7 57 

7 00 

7 19 

7 71 

7 20 

7 44 

7 S7 

7 40 

7 64 

7 98 

7 60 j 

7 80 

8 05 

7 80 1 

8 00 


8 00 1 

8 10 



Fig 2 Sbo-nmg the effect of adding buffers to the 
plasma clot 
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glass test-tubes, and the lesulting pH detei mined with the glass-electrode The 
results of two such expeiiments axe given below — 


Experiment 1 Experiment 2 


Tyrode 

1 

8 57 pH 

1 

Tyrode | 

1 

! 8 48 pH 

Embryo extract 

7 15 „ 

Embryo extract 

7 40 „ 

pH of buffer added 

Resulting pH 

pH of buffer added 

Resulting 

Tyrode 

8 00 

Tyrode 

814 

7 00 

7 00 

7 00 

7 43 

7 20 

7 21 

7 20 

7 61 

7 10 

7 80 

7 40 

7 77 

7 60 

7 56 

7 60 

7 83 

7 80 

7 66 

7 80 

7 93 

son 

7 77 

8 00 

8 06 


It will be noted in the fiist place that the pH of the Tyrode solution, although 
the lattei was of identical composition in both expeiiments, dificied Similail} 
the pH of the embiyo extiact, although piepaied in an identical way, differed 
significantly on the two occasions Euithei, the cuives obtained (Eig 1) on 



Fig 1 Showing the effect of adding buffers to the embryo 
extract 


plotting out the results of the two experiments differed in slope and cuivatuie 
according to the pH values of the Tyiode solution and embryo extract 
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these 1 fragment of clucL-lu i( ,>■, x^Ju ft, "nents Leing as far as 

possible of identical sue 'I’l xxeie then mcorakd at about 38 4°C 

and the resultant growth ot i . .isS weie mcasUHel 12 to 24 hours in 

the Ma} destnbed abo\c , 

The results of one such e \ > it ii ‘ t ibuloted hii — - 



\iii 1 I 

or b Uti ;> 1 

» 1 f"4i 

PEJaODS 

pll of medium 






0 hours 

H 14 ' *>(J hour^) 

1 

(III hours 

80 hours 


CCO 

oSS 1 

■ . 2 ri 

_0SS 



CSO 

700 

1 > 

lA 



7 20 

G1 ! I 

- ' 

■) 71 i 



7 10 

02) 


0,170 


11,560 

8 00 

377 1 

i 

. 

2 "00 




On plotting these figures oil ' h is seen that optimum 

growth occurs at about a pH o. 7 . > 'in'-' of this pH the growth 

of fibroblasts is less lu\uriant 



Hours 

Fig 4 Showing the growth curves of fibrobIas*8 
"With difierent buffers added ^ 
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Change in pH of medium resulting from growth of fibroblasts. 

An attempt was then made to study the changes m pH of the mednnn that 
are brought about by the growth of tissues Two identical sets of hasks were put 
up, — the one set with tissues explanted in them and the other without Both were 
incubated at 38 4°C After 60 hours’ incubation the fluids were taken out with 
sterile pipettes and then pH measured with the glass-electrode, — fresh fluid being 
added to the flasks A similar measurement was made 12 hours later The results 
are given below and are represented giaphically in Fig 5 — 



Fig 5 Showing the shift in pH of the medium brought 
about by the growth of fibroblasts 


pH of buffer 

pH of medium 
’tvithout tissue 

Resulting pH of 

1 medium after 60 
! hours’ growth 
■noth tissue 

After 72 hours’ 

[ grow th with 
tissue 

6 60 

1 

7 00 

6 77 

6 68 

6 80 

7 23 

7 02 

6 81 

7 40 

7 82 

7 40 

7 20 

8 00 

8 00 

7 82 

7 71 


As was to be expected the fluids became progressively more acid consequent, 
no doubt, on the metabolic activities of the growing tissue. 
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The areas of growth obscived m this expeiimeut weie as under — 


pH of buffer 

pH of 
medium 
without 
tissue 

Abei in 

OP SQUO'ES AT DIFPEKENT 
rCRIODS 

Average pH 
of medium 
with tissue 

0 hours 

18 hours 

00 hours 

72 hours 

bOO 

7 00 


840 

2,195 

2,195 

6 88 

6 80 

7 23 





7 18 

7 40 

7 82 


4 800 



7 61 

8 00 

8 00 

230 

1,18') 

1,710 

1,710 

7 91 


Since there has been a progressiv e shift of pH with time due to growth of tissue 
it IS not correct to say that the tissues were growing at a particular pH It can, 
however, be said that the average of the initial and the pH after 60 honis can be 



6b 70 7 * 78 82 . 

pH oi Medium 

Fig 6 Showing the effect of pH of the medium on the growth 
of fibroblasts 
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l/iikiiM an l/li(! pll over a loiij' peilod of timo Plotting such pH-value against area 
of growth at (lillcM’nt pciUKls of time typical luveited paiabola (Fig 6) is obtained 
wlih’h aliowa at a glance that giowth is at a maximum between 7 4 and 7 6 pH and 
drop,! oil on mthcr Hide of this lange of pH 

Anothi'r notable result of this expciimcnt was that at a pH of 6 60 the clot 
tnrin'd cloudy after some time and that giowth ceased after 60 hours At 6 8 pH 
growth (U'usi'd aftei 72 hoius At 7 4 pH giowth continued long after 72 hours, 
while at 8‘0 pll growth was again inlubited at 60 hoius 

Conclusions. 

h'ilnoblasis of embiyonie eluek-heail when cultivated in the way described in 
this paper giew best at a limited lange of pH, — namely 7 4 to 7 6 

tbowth of libioblasts is inhibited, aftei 60 hoius, at langes of pH both on the 
acid and allvaline side of 7 1 to 7 6 
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Introduction 

During the course of investigations on the natuie of the goitrogenic agent in 
cabbage and in the no\a ’ associated with iiisanitarv condition (McCarrison, 1933), 
evidence was obtained of the cMstence of cvaiiogen in them This cyanogen was 
not present in the free state but in combination, piobablv as a cyanogen etic glucoside 
The occurrence of cyanogenetic glucosides in plant materials is already known ; 
dhurrm m Sorghum vulgare, gynocardm in Ggnocaidia odorata and Pangium edule, 
phaseolunatm m Phaseolus lunalus, Ltnuin usttatissimum and in cassava, lotusin in 
Lotus arabicus, amygdalm in bitter almonds, and smigriu in black mustard are some 
instances of cyanogenetic glucosides which have been isolated and studied Apart 
from the interest that attaches to the isolation and determination of the 
chemical structure of the other cyanogenetic glucosides the object of the 
present investigation was to determine the amount of ‘ available ’ cyanogen m 
cabbage and in McCarrison’s ‘ goitre-noxa’, as also to examine other food-stiifFs 
m common use in India from this standpoint 

Detection and estimation of cyanides in plant materials 

The cyanogen being usually present in combination as a cyanogenetic glucoside, 
the first step in the process of its estimation is the splittmg up of the glucoside 
Various methods have been employed to this end — acid hydrolysis, maceration 
with water followed by steam distillation, and emulsin hydrolysis Each method 
has its limitations, particularly the last two Maceration with water is accompanied 
in most instances with a loss of cyanogen (Viehoever, Johns, and Alsberg, 1916) 
Emulsin hydrolysis yields low results Because of the well-known action of emulsin 
cu amygdalm, prulaurasin (the cyanogenetic glucoside of common cherry laurel), 
nnd dhurrm, m liberating hydrocyamc acid, methods have been developed employing 
emulsin for the estimation of cyanides in plant materials The fact that emulsm 

* This work was carried out under the direction of Colonel Sir Robert ITcCamson, to whom the 
nthor IS indebted for many suggestions — S R 

( 197 ) 
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does not react in the same w.vy witli sucJi cyanogenetic glucosides as smigrin, 
phaseolunatin, etc , seriously detracts from the nmveisal application of the method 
Acid hydrolysis appealed the least objectionable, though even here there were 
certain limitations to its adoption in general 

Distillation of the cabbage leaves in 5 pei cent taitaric acid, 5 pei cent hydro- 
chloiic acid and 3 pei cent sulphuiie acid weie ti^ed, as also autolysis of the material 
followed by steam distillation The distillate was m every instance led into a 
solution containing a few drops of alkali The yields of cyanogen were as 
follows — 


1 

CN in mg per 
kilogram 

Cabbage (3 per cent 

35 

tartaric acid) 
Cabbage (5 per cent 

32 

hydrochloric acid) 
Cabbage (3 per cent 

63 

sulphuric acid) 
Cabbage (ailtolysis) 

02 

1 


It IS seen from the above results that acid hydrolysis yielded better results than 
autolysis, and of the three acids employed, sulphuric acid in 3 per cent concentration 
was found to give the highest yield Similar trials with other food-stuffs confirmed 
the above observation Distillation in 3 per cent sulphuric acid was therefore 
adopted as the procedme in the estimation of cyanides recorded m this paper 
The cyanogen thus liberated is termed the ‘ available ’ cyanogen It does not 
necessarily represent the total amount of cyanogen that may be liberated by the 
specific enzymes associated with each cyanogenetic glucoside 

The accuracy of this procedure was again indicated by the good recovery of 
added cyamdes 0 1 mg , 0 2 mg , and 0 4 mg of CN as sodium cyamde were 
added to weighed amounts of ground-nut (with husk) and the cyanogen-content 
estimated by distilling the sample in 3 per cent sulphuric acid Allowing for the 
cyanogen that would be liberated from the ground-nut (with husk), the recoveries 
were 86 5, 90 8 and 94 8 per cent respectively 

The results of acid hydrolysis were in every instance checked against emulsm 
hydiolysis, the procedure adopted for the latter being that outlined by Roe (1924) 
Of the food-stuffs thus examined, emulsm hydrolysis gave, except in the case of 
linseed meal, a different reaction from that obtained by acid hydrolysis, details of 
which will be mentioned at a later stage 

Having thus obtained the best possible yield of cyanogen, the next step was the 
devising of a reliable method to estimate it The methods in use for the micro- 
estunation of cyanides employ the production of the prussian blue colour and the 
matching of it with smtable standards treated likewise (Viehoever and Johns, 1915) 
Charlton (1926) has recommended the use of as much as 16 c c of 10 per cent ferrous 
sulphate solution, but the coloration due to this amount of iron salt w^as found to 
interfere with the estimation of cyanogen when the latter was present in small 
amounts — 0 1 mg and less in 100 c c Hence ferrous sulphate was used in much 
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sniallei coucentiations, langing fiom 1 c c to 6 c c of a 10 pei cent solution depend- 
ing on the amount of cyanide piesent Compaiable standards were prepared 
Where a precipitate of piussian blue was formed, aliquots were used so as to get 
only the greenish-blue coloui 

The results yielded b}'^ the above method weie checked against those obtained 
by another, based on the reduction of picric acid to isopurpuric acid by alkali 
cyanides Giugnard (1906) has cnlplo^ed this reaction foi the detection of cyano- 
genetic gliicosides by exposing test p ipei s soaked in sodium picrate to the action of 
gaseous products of hydrolysis of the material uiidei investigation for over 24 hours 
This delicate but qualitative test was later lefined and made fairly quantitative 
(Waller, 1910) Colour scales i\ eie emploi ed and the change in colour of the test- 
paper brought about b v its exposui e to the material under examination was compared 
with standard ones exposed to know n concentrations of cyanide solution, the peiiod 
of exposure being constant in both Better results were obtained by modifying 
Waller’s method as follows Aliquots of either the acid distillate or the solution 
obtained m Roe’s method of emulsin h} drolysis of the food-stuff, absorbed in an 
alkalme solution, were just neutralized with dilute hydrochloric acid The ahquots 
were so chosen as roughly to contain about 0 02 mg to 0 15 mg of CN One c c , 
for every 50 c c of final volume, of a solution of sodium picrate rendered distinctly 
alkaline, was added and the solution made up to volume The colour changes, on 
standing, to dark brown or yellowish-brown according as the cyanide is present in 
fair amounts or only in traces When cyanide is not present, there is no change in 
colour even on standing for over a week Standards (0 05 mg of CN in 50 c c is a 
convenient concentration while 0 2 mg , and over, produces too strong a colour for 
comparison) were set up for each set of estimations The solutions were allowed to 
stand for about 72 houis, when coloiimetric comparisons were made The colour 
was found to increase up to 168 hours of standing after which it gradually faded, 
as will be seen from the accompanying results Taking the colour produced by 
0 05 mg of CN in 50 c c after standing for 72 hours as the standard, the colours 
produced at varymg intervals of time were as follows — 


Time interval 

Coloration per cent 

! 

24 hours , 

41 

48 „ 

76 

72 „ 

100 

S)« „ 

104 

120 „ 

111 

144 , 

118 

lOS „ 

121 

192 „ 

103 
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Though the coloiu inci eased up to 168 horns, an interval of 72 hours was 
considered sufficient as solutions that were not visibly affected on standing for 48 
to 72 horns weie no moie affected on standing for much longer periods It is 
essential that in carrying out this method both the standard and the solution under 
examination should be allowed to stand for exactly the same tune 

The results of cyanide estimation in food-stuffs by both these methods 
agreed fairly closely Theie were one or two exceptions where the picrate method 
yielded higher results and in such instances the value obtained by the prussian blue 
method was taken as the more reliable In other circumstances, the mean of the 
results of the two methods was taken as the final estimate Commenting on 
Waller’s method, Chapman (1910) points out that it should be used with caution as 
the colour produced is due to reduction and hence not specific foi cyanogen It 
IS therefore likely that the higher yields obtained in a few instances may be due 
to the presence of other reducing substances The lesults are incorpoiated m 
Table I 

As aforementioned the method of emulsin hydrolysis, as outlmed by Roe, gave 
(except in the case of linseed meal) little oi no cyamdes in the food-stuffs examined 
While emulsin reacts with the cyanOgenetic glucoside present in linseed meal hbera- 
ting free hydrocyanic acid as one of the end products of hydrolysis, it does not so 
react with the cyanogenetic glucosides present in the other food-stuffs examined 
The failure to detect cyanides in the emulsin hydrolysate, or, if detected, to reveal 
its presence in amounts less than those obtained on acid hydrolysis, suggested the 
estimation of sulphocyamdes in these hydrolysates The emulsin hydrolysate 
gave, in most instances, strong tests for sulphocyamdes whilst the distillates obtained 
on acid hydrolysis were, with the exception of mustard, free from them 

Two methods were employed for estimating sulphocyamdes, the one servmg 
as a control to the other — the ferric thiocyanate colorimetric method and the 
volumetric method of Sullivan and Dawson (1920) The sulphocyamde content 
given below represents the mean of the results obtained by the two methods — 


Table I 


Name of food stufE 

On 3 PEB CENT SULPHUBIO 
ACID HYDBOLYSIS 

On ESIOLSIN HYDBOLYSIS 

Cyanide 
(as CN) 

Sulphocyamde 
(as KCNS) 

Cyamde 
(as CN) 

Sulphocyamde 
(as KCNS) 

Cabbage (fresh) 

6 3 mg 

Nil 

0 8 mg 

4 8 mg 

Cabbage (96 hours old) 



Trace 

74 „ 

Polished rice 

1 6 mg 

Nil 

Trace 

217 „ 

Mustard 

34 „ 

182 0 mg 

3 8 mg 

275 0 „ 

Milk (cow’s) 

2 9 „ 

Nil 

Trace 

341 
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Ok 3 liU OI 1 SULPllUUIO 
AC11> U^DHOr^SH 

0 < raiULSIN HYDROLYSIS 

Name of food stulf 





Cianide 
(as ON) 

Sulphocyaiudj 
(as KCr^) 

Cyanide 
(os CT) 

Sulphoeyamde 
(as ICONS) 

Oatmeal 

2 1 nig 

Nil 

Nil 

29 4 mg 

Cholam {Androjiogon sorghum) 

4 J 

Truce 

1 5 mg 

9 6 

' Atta’ (uholo uheat flour) 

20 , 

Nil 

Nil 

35 4 „ 

Bran (wheat) 

3 1 

Nil 

0 6 mg 

87 6 „ 

Grass (green) 

74 , 

Nil 

il 

132 0 „ 

Soya bean 

4 1 

Nil 

2 7 mg 

Nil 

Groundnut (with husk) {-Irachts 
hypogta) 

43 „ 

Nil 

2 9 „ 

2 4 mg 

Ground nut (without husi ) 

27 „ 

Nil 

0 3 „ 

401 „ 

Ground nut husk 

12 9 , 

Nil 

8 6 „ 

Nil 

Sprouted gram (Bengal) 

1 1 

Nil 

0 5 „ 

84 6 mg 

Carrots 

1 9 „ 

Nil 

0 5 „ 

46 1 „ 

Muug dhal {Phaseolus viungo) 

1 1 

Nil 

Trace 

143 3 „ 

Dned yeast 

43 „ 

Nil 

1 3 mg 

1015 „ 

Vitamin A couoentrato oil (B D H ) 

86 „ 

Nil 

Traee 

217 0 „ 

Linseed meal 

368 5 „ * 

Nil 

648 0 mg ♦ 

Nil 

Butter 

18 „ 

Nil 

16 „ 

Trace 

Ragi (FAusine coracana) 

29 „ 

Nil 

06 „ 

Trace 

Lathyrus seeds 

16 6 „ 

Nil 

16 „ 

23 1 mg 

Omon 

113 „ 

Nil 

20 „ 

Trace 

Orange jmee 

36 „ 

Nil 

06 „ 

Trace 


[The above figures represent miUigramB per kilo or per litre according as the material under 
examination is sohd or liquid ] 

* The figures obtained by titration against centinorraal silver nitrate using potassium iodide 
as an mtemal mdicator were slightly lower 

It IS seen from Table I that cyanogen is present in varying amounts m the 
food-stuffs examined [ that it is liberated in greater amounts by acid hydrolysis 
than by emulsin hydrolysis, the exception to this being linseed meal , and that 
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emulsm liydiolysis yields in most instances results wliich differ from those obtained 
on acid hydi olysis Excluding linseed meal, it is to be noted that while acid splits 
up the cyanogenetic glucoside 'uith the liberation of free hydrocyanic acid, 
emulsm splits it up into a sulphocyamde, — a reaction analogous to the action 
of emulsm on smigrin It appears as though the conversion of cyanogen to 
sulphocyanides by emulsm is, as compared with the liberation of hydrocyanic 
acid by acids, a piocess of detoxification of the cyamdes This process of 
detoxification also takes place m the gastio-mtestmal tract of rats and rabbits 
consequent on enzyme action as is evident from Table II — 

Table II 


Shmving Jesuits of Injdi olysis of cahhage hy enzymes pesent in 



Cyamde 

Sulphocyamde 

(1) Rabbit’s stomach 

0 6 mg 

10 1 mg 

(2) Upper and middle portion of the intestine 

0 5 

15 2 „ 

of rabbit 



(3) Lower portion of the intestine of rabbit 

05 „ 

18 3 „ 

(4) Rats’ stomach 

Trace 

26 4 „ 

(5) Upper and middle portion of the mtestine 

Trace 

36 0 „ 

of rats 



(6) Lower portion of the mtestine of rats 

Trace 

22 5 „ 


The ISguies represent milligrams per kilogram of cabbage 


[In the above expeiiment the gastio-mtestmal tract of one rabbit and that 
of three adult rats were used The gastio-mtestmal tracts were cut open, the 
contents removed and washed free from any adhering matter with distilled water 
They were then ground in a mortal with glass powder and a few drops of glycerine, a 
little chloiofoim being added to prevent bacterial action The finely ground mass 
freed from the glass powder was used for enzyme hydrolysis The results reported 
above are all the more significant as the gastro-mtestinal tract of one rabbit is, 
bulk for bulk, more than those of three rats ] 

Reid Hunt (1905), and Reid Hunt and Seidell (1908) suggest that one of ^ 
possible means of detoxification of acetonitrile is through a combination of tfie OJN 
molecule with a sulphui atom, whereby a relatively innocuous sulphocyam e is 
formed They have also found that sulphur is an antidote for acetonitrile poisonmg 
The observations of Sullivan and Dawson aie sigmficant m this connexion ey 
find that {a) the pioduction of sulphocyamde depends to a great extent on tne na ure 
of the protein and the ammo-acid constituents thereof, and thecapaciy o 
system to synthesize the sulphocyamde , (6) the differences in su p 
content between individuals must be attributed to an increased • 

and to an increase in detoxifying processes or the sulphocyanogenetic powe 
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orgauisni as a whole, and (c) tliat the amount of sulphocyamde duniuishes under 
conditions in which the activity of the uutiitive function is diminished 

The experiments v ith cabbage hj drolysed by the enzymes present in the gastro- 
intestinal tract of rats and labbits as also the emulsm hydrolysis of the food-stufis, 
do show that the cyanides are converted into sulphocj anides by enzymatic action 
If this were a process of detoxification, as there is every reason to think, then the 
extent to which sulphocjanide rathei than cyanide, is formed from a food-material 
contaimng a cyanogenetic glucoside on ha drolvsis by either emulsm or the enzymes 
present in the gastro-mtcstinal tract, %\ oiild sera e as a measure of the toxic or non- 
toxic character of the food-material Judged by this standard, whole milk, oatmeal, 
whole-wheat flour, green grass, sprouted gram, carrots, ground-nut (without husk), 
mung dhal, vitamin A-coiicentrate and polished rice would come into the category of 
non-toxic foods , mustard, cholam, cabbage, sova-bean, ground-nut (with husk), 
giound-mit husk, linseed meal, lath} rus aeeds and onion m the category of toxic 
foods, while wheat bran, dried yeast, butter, ragi and orange ]uice will occupy an 
intermediate position between the two groups 

Thio-cyanogenesis and anh-goitrogenic properties 

McCarrison’s researches on the nutritional aspect of goitre have enabled him to 
classify most of the food-stuffs examined here as possessing goitrogemc or anti- 
goitrogenic properties (McCarrison, 1931) He has found that while cabbage, bran, 
soya-bean and ground-nut possess distinct goitiogemc properties, carrots, sprouted 
gram and green grass (and vhole milk) are anti-goitrogenic The foimer belong, 
with the exception of bran, to the category of toxic food-stuffs, the latter to that 
of the non-toxic It is, therefore, probable that an inverse relation exists between 
goitrogenic potency of a food-stuff and its thio-cyauogenetic power The behaviour 
of wheat bran on emulsm hydrolysis is appaiently irreconcilable with this 
h}rpothesis , whether there are any other factors concerned m making bran the 
exception m what appears to be a general rule cannot at present be said with 
certainty 

In addition to the above observation, viz , the existence of an inverse relation 
between goitrogenic index and thio-cyanogenetic power, the otherwise toxic nature 
of food-stuffs IS reconcilable on the hypothesis that toxicity and cyanogenesis on 
enzyme hydrolysis run parallel , or, m other words, that non-toxicity and thio-cyano- 
genesis on enzyme hydrolysis run parallel Thus the toxicity of Imseed meal has 
been attributed to the cyanogen present m it (Almy and Eobinson, 1920) , cattle- 
poisoning m a Sorghum field immediately after a frost is traceable to the 
greater synthesis of cyanogenetic glucosides resistant to the detoxifying action 
of emulsm 

In conclusion, it may be said that the present paper represents only an attempt 
to indicate a possible relationship between cyanogenesis and thio-cyanogenesis in 
food-stuffs and their toxicity Further work mvolying a greater number and 
variety of food-stuffs is necessary before defimte conclusions can be foimulated 

Summary and conclusions 

(1) A number of food-stuffs were examined quantitatively for their cyanogen 
content, both by acid hydrolysis and by emulsm hydrolysis Of those thus 
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practically no prophylactic value, the non- vaccinated controls having shown a 
mortality rate of 87 pel cent when infected with the same test dose 

As in the T A B vaccine mamifactiiied at the Central Besearch Institute, 
Kasanli, the typhoid portion is represented by equal quantities of the Eawlmgs 
stiain and of a locally isolated smooth strain {renewed at intervals), it v as considered 
advisable to carry out a shoit investigation on the lines of Gnnnell {loc cit ) and 
determine whether oi not the strains employed by us were of the desired protective 
value 

The following points were studied — 

A Comparison of virulence of JB typhosus {Jtaivhngs) with that of 
a recently isolated smooth strain used at the present tune in the 
preparation of anti-typhoid vaccine 

B Comparison of protection afforded to mice against an intrapentoneal 
infecting dose by the use of vaccines prepared from the Eawlmgs and 
freshly isolated smooth strains 


PEOCEDUEE 
Experiment 1 
A Vtiulence 

Mice weighing 20 to 26 grammes were inoculated intraperitoneally with 18 to 20 
hours old Douglas bioth cidtures of B typhosus (Rmvhngs) and B typhosus {B D 
402), a locally isolated smooth strain employed for vaccme production Virulence 
results of these two strains are recorded below — 


Strain of B typhosus 

Number of 
animals 

Dose in c c 

1 of 18 hours 
broth culture 

Number of 
deaths 

Percentage of 
mortality 

Raivlings 

1 

1 20 

1 

016 

20 

100 

1 

402 

20 

0 16 

20 

1 

100 

Rawlings 

20 

01 

10 

60 

402 

i 

20 1 

01 

16 

80 


It appears from the above that wheieas an infecting dose of 0 15 c c causes 
100 per cent mortality with both strains, a smaller dose of 0 1 c c s ow 
the recently isolated, smooth strain No 402, to be more virulent than 


Eawlmgs 
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ExPESniENT 2 

B Active immunization of mice with lilled hioth culiuies of 

B typhosus 

Two hatches of 45 mice each wine immunized with two doses of 0 1 c c of 18 
hours old kil'ed bioth cultuies of B tijphosus {Raivhngs) and B itjphosus {E D 
402) at 5 days’ intervals Ten dajs after the last immumzing dose a test 
dose ot 0 15 c c of 18 hours bioth cultuie of B typhosus [Kaiachi) was given 
intraperitoneally 


Percentage mortality and protection results are recorded below — 


Number of 
vaccinated 
ammala 

Strain for 
vaccine 

1 

Strain for 
teat dose 

1 

Survivals 

Pertentage of 
mortalit\ 
durmg 7 days 
after the test 
dose 

Percentage of 
survival 
rale 

20 

B typhosus 
{BauUngs) 

1 

B typhosus 
{Karachi) 

1 20 

1 

0 

1 

100 

20 

B typhosus 1 
1 (E D 402) 

B typhosus 
{Karachi) 

20 j 

0 

100 

25 

B typhosus 
(E D 402) 

B typhosus 
{D D 402) 

25 

0 

100 

22 

B typhosus 
(Rawhngs) 

B typhosus 
{E D 402) 

21 

45 i 

j 

95 5 

Controls 

1 

(non-vaccxnated animals) 


20 


B typhosus 
{Karachi) 

6 

75 

25 

20 


B typhosus 
{E D 402) 

4 

80 

20 


Note — 1 Both these strains, viz , B typhosus {Rawhnqa) and B typhosus (E J) 
402) are employed for the manufacture of typhoid portion of T A B 
vaccine at Kasauli 

2 Broth cultures used for immumzing purposes were killed at SO^C for 
one hour and injected subcutaneously 


These results are m marked contrast with Grinnell’s findings and indicate that 
the Eawlmgs strain used was of high protective value equal to that of the recently 
isolated smooth strain The indications from this experiment were sufficiently 
defimte to make it unnecessary to proceed further with tests on the same lines and 
it may be concluded that, provided the Eawlmgs strain is properly maintained and 
prepared by a suitable series of sub-cultures and its standard character confirmed 
before being used for the manufacture of vaccine, it will be satisfactory for the 
purpose The fact that the Eawlmgs stram shows little tendency to dissociation 
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when propeily kept makes it an extremely reliable organism for use in laboratories 
■where fiesh atiains of standard characters are not easily obtainable, and, with other 
strains, wliose characters have not been observed over a long period, the possible 
occurrence of valiants may result in an unsatisfactory vaccine For these reasons, 
and in view of the results now obtained, it would appear that the use of the standard 
Kawlings strain as a component of anti-typhoid vaccine is sound 

The value of vaccines for the prophylaxis of bacterial diseases which cannot be 
reproduced experimentally in animals has to a large extent been assessed on the 
results of agglutination and other serological tests but the results obtained in protec- 
tion experiments are distinctly more convincing even when the disease is not typically 
reproduced The method of intiapeiitoneal infection has been used to a considerable 
extent in connection with cholera work and from GrinnelTs (toe at ) work and the 
experience in the present trials it would appear to be very suitable for use m tests of 
the typhoid-paratyphoid group A trial was extended on the same lines to the 
stock strains of 5 pai atyphosus A (Meais) and B pat atypliosus B {Rowland) used a& 
the other components of the TAB vaccine In each case a preliminary test was 
made to determine the minimum dose producing cent per cent mortahty on intra- 
peritoneal injection of control white mice 


Experiment 3 


C Active immunization of mice with Icilled broth cuUutes of 
B paratyphosus A (Mears) 


A batch of 30 mice was mimumzed with two doses of 0 1 c c of 18 hours old 
killed broth culture of B patatyphosus A (Meats) at 5 days’ intervals Ten days 
later two minimum lethal doses'*' of live, broth culture of B paratyphosus A (Felix) 
were given intraperitoneally 


Percentage mortality and protection results were as follows — 


Number 
of vacci- 
nated 
animals 

Strain for 
vaccine 

Strain for 
test dose 

Number 

of 

MLD 

Survi- 

val 

Percentage 
of morta 
litv 

Percentage 
of survival 
rate 

1 

29 



B paratyphosus A 
[Mears) 1 

j 

B paratyphosus A 
(Fchx) 

2 

17 

41 4 

58 6 

Control 

(non-vaccinatcd anim- 

a I s ) 



12 


B paratyphosus A 
[Felix) 

2 

0 

100 

0 


* Prior to the actual adramistration of teat dose to vaccinated mice a preliminary test mad'i 
to determiL the minimum dose of 18 hours broth cultum which uould cause cent per ceM yioriidit^ 
on intraperitoneal injection of non-vaccjiiated mice This dose was found to he 0 ^ c c m t 
of B faratyphosus A [Felix) 
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R'Pl RTME^’r 1 

D AUne „»»«»,=«(.»» «J »kc n.lh l.lM b.Ck «/ 

B paiatyphosU". B (Kowlaiul) 

A batch of oO mice a. v.u tV' mterllf Te"? dal^ 

h!o^^'t.r2^"numlri2if of B ,«,«mA,osus B iT,iy) we« g.ven 

P^i^^eno-- 


20 


B paraUjphosus B 1 B pa^p/>o.>.. B 
' {Boidand) ^Tidy) 



I B paralypliODUS B 
I {Tidy) 

B , a, B *7'''““’ " 

(Lowland) i 


(non viceinated) 
0 


91 . 


1 ' 


G5 


100 


16 


35 


84 


(non vaccinated) 


B paratyphoiiis B 
{Tidy) 


100 


30 

Control 
15 

:«i=iiis=i5SE~r3 

cMc'of jTparalyphosus B {Tidy) hour and injected subcutaneously 

Note -Broth culture uas lolled by heating 

1 1 h.irh flearee of protection was obtained against 
It wiU be noted that ,,, “ease of dosage resulted in a marked 

lb lethal doses in one of these tes s ^ sufficiently high dosage no protection 

reduction in the number of ^ for adjusting carefully the dosage of the 

would probably be shown 7^"® / differential results is evident 

infecting test mateiial in ordei to obtain a 


Conclusions 

1 A veiy high degree of himTsmToth recently isolated 

was obtained by the use of a vaccine p p 

strain of B tyjphosus „ui..ined bv the use of a vaccine of the ‘ fixed ’ 

Practically equal protecgon was obW 

type (Harvey, 1929) of the Eawlmgs stra 
J, MR 
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Using exactly tlie same technique the lesults obtained with the Eawlings strain 
weie inmaiked contiast with those of Grinnell who iisedEawhngs strain of smooth, 
intermediate and lough chaiacteis ^ 

The use of smooth recently isolated stiains foi vaccine purposes is sound but 
the maintenance of then character should be observed The ‘ fixed ’ type of 
Eawlings strain is useful for the purpose and it may conveniently be used as one 
component of the vaccine 

2 The method of testing also applied to the stock strains JB paiatyphosns A 
{Meais) and B pamlyphosus B {Rouland) showed these strains to be of considerable 
piotective value 

3 In testing by this method a caieful adjustment of the infecting dose was 
necessary to obtain difi:eiential results 
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In an eaiher paper (Gulia, 1931rt), various materials, such as brewer’s and 
baker’s yeasts, milk powdei, beef-muscle, ox-livei, etc , were mvestigated with 
reference to their potency in ordei to find the richest substance which might serve 
as a convenient starting material for the concentration and isolation of vitamin B 2 
Of these materials, ox-liver was found to be the most potent source of the vitamin 

The present paper is the outcome of further investigations in this duection 
Extracts of the livers of widely difiereut species, like the buffalo, sheep, goat, pig , 
fowl and SrZs/ia fish {Ghijpea Ilisha, a common fish of Bengal) have been investigated 
with regard to their vitamin Bo content The potency of the extracts of ox-spleen, 
ox-muscle, and ox-kidney has also been studied 

Experimental 

Biological technique — The techmque for the assay of vitamin B 2 is essentially 
the same as has been previously described (Guha, 1931a) Young rats of about 
50 g in weight were fed on a basal diet of the following composition — 

Starch (Cassava) 76 parts 

Casein, ‘ Light White ’ (B D H ) 21 „ 

Salt Mixture (McCollum’s) 4 ,, 

In addition each of the animals received daily 2 drops of a potent cod-liver oil to 
supply vitamms A and D An extract of vitamin Bi was prepaied from rice- 
polishings in the following manner — 

Rice-pobshings (1 kg ) were extracted with 3 litres of boiling water, previously 
acidified with 6 c c of concentrated HCl for 6 minutes Aftei filtration under 
suction the filtrate was treated with saturated neutral lead acetate solution (about 
100 c c ) and left overnight The precipitate was removed and the solution freed 

( 211 ) 
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horn lead by liydiogen sulphide and subsequently from hydrogen sulphide by 
coucentiation zn vacuo This was fed in a daily dose corresponding to 2 5 g of 
iice-polishings While piactically fiee fiom Bo it was a iich souice of vitamm Bj 
as shown by the biological tests When the animals began to decline on this diet the 
extiacts to be tested foi vitamin B2 wei c fed at clifieient levels In the absence of 
an intcinational unit of vitamin Bo, a unit of vitamin Bo was taken to be the amount 
which, admmisteied daily to young vitamin Ba-deficient rats, would produce an 
inciease in weight of appioximately 10 g pei week for a peiiod lasting tw'o to three 
weeks Positive contiols with an ox-livei extiact as the souice of vitamm B2 and 
negative contiols with no vitamin Bo supplement weie run all the time 

The general pioceduie of preparing the vitamin B2 extracts was as 
follows — 

The flesh tissue was finely minced and extracted with approximately 150 c c 
of boiling distilled watei per 100 g of tissue Aftei boiling for 4 minutes the extiacts 
were filtered under suction, the residues washed well and washings mixed with the 
main bulk of the extiact 

Table I gives a summary of the results obtained {see also Figs 1 and 2) — 


Table I 


Aqueous extract of 
material studied 

Amount of 
tissue (in 
g ) equiva 
lent to the 
day dose 

Total 
sohds 
per day- 
dose (mg ) 

Average 
groivth 
per week 
(g) 

Amount of 
tissue (in 
g ) coutaming 
one unit of 
vitamin Bj 

Umts of 
vitamm B. 
per 100 g 
of tissue 

Buffalo liver 

1 

72 2 

-f- 54 

1 1 8 

54 

Sheep liver 

08 


+ 0 

1 3 

77 

Goat bver 

2 

76 8 

-f 8 

2 25 

44 

Pig-liver 

3 

73 2 

■4-6 5 

46 

22 

Fowl-liver 

1 S 


+ s 

22 j 

45 

1 

HiUlia hah liver 

3 


- 5 



0\-liver (average) 

2 


4-10 

0 

50 

Ox liver (1 sample) 

2 


4-21 

1 

100 

Ox spleen 

1 5 


4 - 9 

1 6 

63 

Ox kidney 

25 

76 4 

4-16 

1 6 

67 

Buffalo kidney’*' 

1 G 


4- 12 s 

1 2 

83 

Ox-muscle 

37 


- 5 



Ox-muscle and ox-muscle 

4 


- 5 



residue 







* Extracted at pH 6 
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Furlhci Ohsei vatioiis on Vtiamm 

Influence of pH on the efficiency op extraction of 

VITAMIN Bo 

Some expeiiments were caiiied out to find tlie optimum pH foi tlie extraction 
of vitamin B3 from liver and kidney 

A supply of bufialo-Iivei was finely minced and divided into three equal portions 
of 250 g One portion of the above (250 g ) was extracted for Iminiites with boiling 
distilled water which was acidified with concentrated HCl to pH 1 6-1 8 This 
was filtered under suctron and a yellow coloured-filtrate measuring 420 c c was 
obtained Since the residue was slimy and coagulation was not complete, the 
filtration presented considerable ibfficulty [B L (4)} 

Another portion (250 g ) was extracted with the same amount of boiling distilled 
water for the same time, but tins was previously brought to pH 3 5-3 7 by adding 
concentrated HCl On filtering under suction a brown filtrate, measuring 575 c c , 
was obtained [B L (5),j 

The remaining portion (250 g } rvas extracted precisely m the same manner, 
in this case with acidulated water at pH 5 0 The yellowish-brown filtrate 
measured 675 c c [B L (6)] 

Ext) action of ox- and buffalo-lidney atj)H 5 0 —810 c c of water were acidified 
with concen tinted HCl so that the pH value came to 5 0 405 c c of this 
acidulated water were used for the extraction of 212 g of ox-kidney in the 
usual manner [0 K (3) ] The final volume of 0 K (3) was 450 c c The 
other portion of the acidified water was used for the extraction of 312 g of 
buflalo-kidney [B K (3)J 

Table 11 gives the vitamin B2 values of the materials tested {see also Big 3) 

Table II 


Extract tested 


Average 

weekly 

growth 


Eqiuvalent 
weight of 
hver fed 
per diem (g) 


Units of 
vitamin B, 
per 100 g 
, of tissue. 



50 


+ 12 8 


8 ; 
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Fia 3 

Equivalent dose 
38g 

26g 

26g 

30g 

16g 


Curve (1) B L (4 ' 

» (2) B L (5) 

„ (3) B L (6) 

. (4) 0 K (3) 

„ (5) B K (6) 


Stability of vitamin B2 

Repoits regarding the stability of vitamin B 2 have in many cases been 
contradictory AVhile Goldbergei ct al (1926) showed that the anti-pellagra 
factor, which is now generally assumed to be identical with the growth-promoting 
vitanunB 2 , was relatively much more heat-stable than vitamin Bj, Williams, 
Waterman, and Gunn (1929) and Chick and Boscoe (1930) have found that 
vitamin B 2 is not so heat-stable as it was thought to be Thus, these woikers 
found vitamin B 2 in yeast to be destroyed faiily effectively by autoclaving in an 
alkaline medium 

Giiha (1931a) has recently shown that the stability of vitamin B 2 depends to 
a very large extent on the source fiom which the preparation has been obtained 
Thus he found that dilute aqueous extracts of brewer’s yeast and ox-liver 
deteriorate in vitamm B 2 -potency on autoclavmg for 3 hours at pH 9 But 
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Fwlliet Observations on Yitamm B^. 


vitamin B2 m tlie commeicial yeast extract ‘ Maimite and tlie commeicial livei 
conceutiate of Eli Lilly’s No 343, winch has been found to be a potent source of 
vitamin B2 (Guha, 19316), was found to be relatively stable under the same condi- 
tions of treatment Thus, the stability of vitamin B^, lihe that of vitamm Bj 
(Kinnersley and Peters, 1928 , Guha and Drummond, 1929), appears to depend on 
associated materials 

Further experiments on the stability of vitamin B2 are reported in this paper 
It lias been found that vitamin B2 in ox-kidney extract is even more heat- and 
alkali-labile than that in ox-livei extract 

We attempted to ascertain whether certain materials, when added to liver 
extracts, could stabibze vitamin B2 in them Among the materials tried were 
saponin, gelatin, gum-arabic, egg-albumin and blood-albumin The results, 
however, were disappointing Table III summarizes the results obtained 

Experimental 

1,250 c c of B L (2) (equivalent dose 946 g of fresh buftalo-liver) were 
treated with about 15 c c of 20 per cent NaOH, when the pH of the extract, 
which was originally at about 5, went up to about 9 0 The colour darkened 
on this treatment 

This extract was then divided into 6 fractions of 253 c c each These 
were treated respectively with 25 c c of 1 per cent sapomn (Merck) solution, 
25 c c of 1 per cent gum-arabic solution, 26 c c of 1 per cent agar-agar (Merck) 
solution, 25 c c of 1 per cent gelatin (Merck’s gold-label) solution and 25 c c 
of distilled water They were kept in the alkaline state for 2 days m the 
refrigerator and were subsequently autoclaved for 3 hours under 1 atmosphere 
pressure The pH of all the solutions changed to about 6 Eacli of them 
measured approximately 200 c 0 

Further protection experiments with gelatin, egg-albumin and 

BLOOD-ALBUMIN 

500 c c of B L (7) (equivalent dose 360 g of liesh buftalo-liver) were 
treated with about 5 5 c c of 20 per cent NaOH so that the pH of the extract 
went up to 9 0 The alkalized extract was divided into tvo equal portions, 
to one of which were added 8 g of Merck’s gold-label gelatin, the other portion 
serving as a control Both of them were autoclaved simultaneouslv under 1 
atmosphere pressure for 3 hours The pH of the former changed to 6 5 while 
that of the latter fell to 6 8 Each solution was then made up to 250 c c by 
addition of distilled water 

In two other flasks, each contaimng 100 cc B L (7) (equivaleiit dose 
72 g of fresh bufialo-liver), were added 5 g of egg-albumiu and 5g of bloo - 
albumin (both Merck’s) respectively (Both were heated to 50°C to di^o\e 
the albumins, but blood-albumin did not dissolve completely ) The p±l 0 
both of the preparations was then brought to 9 0 by adding -^0 per een 
NaOH They were then autoclaved simultaneously for 3 hours under a pressu 
of 1 atmosphere After autoclaving the pH of both the extracts came c own 
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7 2 Thu volume of each of tlie oxtzactb wi& mide up to 100 cc by adding 
distilled natei 


Table III 

Protcotuo used 

i 

J 

1 

Average growth 
per week (g ) 

Eqiuialent fresh 
bver fed per day 
dose (g ) 

1 

1 

Sapouin 

-13 

14 

Gum arable 

- 5 1 

64 

Agar agar 

1 

- 7 j 

54 

GcLatin 1 

- 3 J 

J 4 

Gelatin 

1 

5 4 

Egg albumin j 

-11 1 

1 

[6 6 

Blood albumin 

- 9 ! 

56 

Negative control ivith distilled 
u ater 

1 

- 6 

64 

1 

1 

Negative control with distilled 
water 

1 - 1 

64 

Positive control with untreated 
os liver extract 

-t- 10 

2 

Positive control with untreated 
buffalo bver estraot 

+ 18 

2 


Further expeeiwenis on ti'e stability op vitamin 

4,550 c c of ox-liver extract (at pH 6 0-6 3) m ere brought to pH 10 8 with 
20 pel cent NaOH This was then boiled for 5 mmutes, made slightly acid 
with 27 c c of concentiated HCl and cooled The final volume measured 
4,150 cc [0 L (29) J 

500 cc of 0 K (11) (equivalent dose 214 g of ox-ladney) were treated 
with See of 20 percent HaOH, on which the pH value Ment above 10 5 The 
solution was refluxed on water-bath for 15 mmutes and then made sbghtly acid with 
concentrated HCl On alkabzation and heating a precipitate, apparentlj"- of 
kidney protein, formed, wdiich to a large extent remained undissolved even on 
acidification The precipitate w as not lemoved and the animals were fed with 
the mixture of the fluid and the precipitate [0 K (12)] 
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Fiuther Ohsetvahons on Vitamin 

'' Autoclaving kidney extracts for different periods 

Each of thiee lots of 200 c c of 0 K (4) (equivalent dose 105 g of 
ox-kiduey) was treated with 1 3 c c of 20 per cent NaOH to bring the pH value 
to 9 0 These were autoclaved respectively for ^ houi, 1 hour and 2 hours 
and called 0 K (8), 0 K (9) and 0 K (10) respectively They were finally 
brought to pH 6 8 by the addition of HOI and tested 

Table IV 


Showing the results of the exjye) intents 



Average weekly 
growth (g ) 

Equivalent weight of 
fresh tissue fed per diem 

0 L (29) 

-17 

4 g 

0 K (12) 1 

1 

- 4 ! 

1 

1 

2 g m the first week, 
subsequently raised to 
25 g 

0 K (S) 

4- 25 

2 5 g m the first week, 
subsequently raised to 

1 35 g 

0 K (9) 

+ 1 

2 5 g and subsequently 
35 g 

0 K (10) 

- 6 

2 6 g and subsequently 
5 ^ 

^ 0 


Discussion 

Units have recently been adopted foi the measurement of vitamins A, D and Bi 
There aie now international standaid preparations of vitamins D and Bj, to which 
preparations to be assayed are referied Eoi vitamin A the Can and Price (1926) 
blue values are still extensively used, although recent evidence appears to point to 
the non-specificity of this colour reaction In the absence of an international 
standard for the measurement of vitamin B 2 , we have defined a unit of vitamin 
B 2 to be the amount, which on daily administration to young vitamin B 2 -deficient 
rats would produce an increase in weight of approximately 10 g per week for an 
experimental period of 2 to 3 weeks We have found this standard to work fairly 

The results zepoited in the present papei indicate that buffalo and ox-kidney 
extracts are the richest sources of vitamin B 2 among the materials studied In^ 
have however, been found to contain at the same time a little more vitamin 1 
than’the liver extracts, which, as previously reported, aie also potent sources of 
vitamin B, But although ox- and buffalo-livers are rich in vitamin B 2 , it is a 

little surpnsing to find that their extracts are active only in equivalents of 2 to 
little ox-hver sample was active in an equivalent of 

1 2 ^of tissue ) Ox-hver tissue, examined at Cambudge (Guha 1931a), was found 
IVe cSiably moie poteat This disparity may be due to rao.al difiereuces 
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aud to the fact that ammals sLiiighteied m England are usually much better fed 
than those killed in this country 

Ov-musclc extract has been found to be siugulaily devoid of giowth-piomoting 
activity This had also been obseived earlier (Guha, 1931a) In the present 
mvestigition a combination of the inusele eitiact with the muscle residue was also 
fed with negative results Beef-muscle has, on the other hand, been said to be a 
potent source of the anti-pcllagia factor These experiments again cast doubt on 
the prevalent theory that Goldbeigea s pelligia-piea entive factor is identical with 
the factor called vitamin Bi, u hicli supplements vitamin Bi foi the growth of young 
rats Some suggestive observations beaiiug on this question have already been 
discussed (Guha, 1931c) There is reason to think that pellagra is a complex disease, 
of which the deficiency of vitamin B^ i» a contributory but piobably not the sole 
cause 

Our experiments on the stabilit j of \ itamin B 2 support the earlier observation 
that the vitamin is not so stable as it w is oiiginalh supposed to be A considerable 
portion of the vitamin in o\-kidue v extract is inactivated at pH 10 5 even by heating 
on the water-bath for 15 minutes The distinction betv een vitamins Bj and B 2 on 
the basis of a great difference in stability thus appears to be rather thin Our 
attempts at stabilizing the vitamin bj intioducing foreign materials, like sapomn, 
egg-albumin, etc , have so fai pioved futile 


Summary 

(1) A unit of vitamin Bo has been defined to be the amount which, when 
admimstered daily to young vitamin Ba-deficient lats, would produce a weekly 
gam in weight of approximately 10 g foi a period of 2 to 3 weeks 

(2) The amounts of vitamin B 2 m the tissues of various ammals have been 
estunated m terms of vitamin B 2 umts per 100 g of tissue Ox- and biiffalo-kidney 
extracts are the richest sources and contam 67 and 83 units of vitamin B 2 
respectively per 100 g of tissue Fowl-liver is a good source while Hilsha fish-liver 
appears to be a poor source of the vitamin 

(3) The extraction of vitamin B 2 from liver is optimum at pH 6 

(4) Ox-kidney extracts lose a large amount of vitamin B 2 on being heated on 
water-bath for 15 minutes at pH 10 5 Vitamin B 2 in ox-kidney extract therefore 
appears to be particularly labile Efforts at the artificial stabilization of the 
vitamin have proved fruitless 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 

PHLEBOTOMUS 

Part XXXIV 

PHLEBOTOMUS lYENGARI N SP 

BY 

Lieut -Coi onee J A SINTON, ji d , d sc , i m s 
(F)om the Malaiia Suivey of India, Kasauh) 

[Received for publication, April 6, 1933 ] 

While examining several collections of Phlebotomiis, chiefly P aigentipes, 
kmdly sent by Mr M 0 T Iyengar from Ttavancore, two female specimens vrere 
found which were different from any of the other species of this msect described 
from India Both these specimens were labelled ‘ Trivandrum, Travancore and 
were collected in November and Decembei 1932 respectively It is proposed 
that this new species be named Phlehotoinus tyengan 


Phlebotomus lyengan N sp (?) 

Appeal ances m diy state 

Unfortunately no description of this can be given, because one specimen had 
been preserved in spirit and the other was not differentiated until it had been 
mounted in Canada balsam 


Appeal ances m stained and mounted specimens 

The measurements of the different parts of the two co-type females are given 
in the following Table 

The total length of the insect is about 2 5 mm The clypeus is relatively very 
long Scars of a few erect and many recumbent hairs are seen on the dorsal surfaces 
of abdominal segments II- VI 

( “221 ■) 
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Table 


Phlebotomus lyengari N SP ( 9 ) 


Structures 

Lengths iii mm 
of specimens 
number — 

Remarks, relative lengths, etc 

1 

2 


Head and olypeus 





Thorax 




Q 

Abdomen proper 

1 367 

1 214 


O 

W 

Superior clasper 

0 185 

0 170 



Total length 

2 60 

2 40 


M 

Labium 


0 185 



Pharynx, length 


0 150 

^3 y bieadth 


Pharynx, breadth 


0 052 



Segment HI 

1 

0 255 i 

0 200 

in> IV+V 


Segment IV 

0108 

0 093 


< 

Z, 

Segment V 

0108 

0 096 

Formula = 


Segment VI 


0 100 



Segments XII-XVI 



= 1 35 X Illrd Seg 


Total length 



= 6 0 X Seg III , 4 4 X Segs XH-XVI 


Segment 1 

0 040 


Formula — 1, 2, 3, 4, 6 


Segment 2 

0 093 

0 084 

Rel lengths — 2 7 , 6 2, 89, 10 19 


Segment 3 



= 1+2 


Segment 4 




PW 

Segment 5 


0 256 



Total length 


0 630 



Length 

1 914 

1 800 

= 4x breadth 


Breadth 

0 470_ 

0 457 



a 

0 400 

0 380 

^ = 1 12 — 1 32 

^ =- 1 19—1 00 


1 1 


P 

y 

iS 

0 357 

0 285 



y 

0 300 

0 285 

J = 057 — 0 60 

= 1 33 - = 0 73 




a 

7 e 




e 


S 

0 228 

0 230 

_ ^ 1 77 — 1 83 
£ 

-Hi- = 0 73—0 77 

0 

e 

0 643 

0 514 



6 

0 985 

0 914 

Wing _ 1 c)4_i 07 




0 
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Tabll — coiicld 



Structures 

Lengths in mm 
of specimens 
mimlici — 

Item^-rks, lelative lengths, etc 



1 

2 1 

1 



Femur 

0 78 j 

0 711 

> ph length leg 

p 

Tibia 

1043 

0 957 

> 'jflVigMileg 

p 

Tarsus, seg 1 

0 485 

0 414 


Q 

Tarsus, segs 2-5 

0 085 

0 COO 



Total length 

3 00 

2 70 

(jTot including coxa and trochanter ) 


The buccal cavity (Plate XIV, % ?) has a well-developed pigmented area The 
mam portion of this is shaped like a segment of an orange with the convexity 
forwards This convexity is continued foiwards as a large blunt process, while 
from the middle of the straight posterioi bolder arises a small, less highly chitinized, 
projection The buccal armature has foiii small, narrow, central teeth and five 
large, broad ones on each side These teeth are arranged in a row with the concavity 
backwards 


The ‘pharyngeal aihnatwe (Plate XIV, fig 4) is very poorly developed 

The anieimcE (Plate XIV, figs 5-6) have a formula of 2 over III to XV , the 
geniculate spines are slender and not very long Segment III forms 
the total appendage , it is greater than the combined lengths of segments and V, 
and equals about 1-7 th of segments XII to XVI together The distal end of 
segment III reaches to the end of the proboscis 

The palps (Plate XIV, fig 2) have a formula of 1, 2, 3 4, 5 m anatomical 
order the relative lengths of the segments aie about ^ 7, 6 8 9, 10, 19 Segments 

1 to 4 are fairly stout, while segment 6 is long and thin Newstead s spmes are 
Situated on the basal third of segment 3, and number about 15 -0 


The iving (Plate XIV, fig 1) is lanceolate and about 4 times as long as broad 
The ratio S over a is about 0 6, a is very long and the ratio a over jS is about 1 2 
The fork of the 4th vein is placed very distally in the wing, being midway between 
the two forks of the 2nd vein 


The spermathecce were not visible 


Differential diagnosis 

The occurrence of scanty erect hairs on the dorsal surfaces of abdommal 
segments II-VI differentiates this species from all the members of the 
recumbent-haired group 

The morphologv of the buccal armature and pigmented area are distinctly 
different from any other species recorded in this group (sub-genus Sintonius, 
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Nitzulescu), except P hhenadis (Acllei and Tbeodoi, 1929 , Adler, Theodor, and 
Lomie, 1930) In the latter species the palpal formula is 1, 2, 4, 3, 6 , the total 
length of the insect is less than 2 mm , I is vciy small and the ratio a ovei d is 
about 0 6 

The buccal aimatiue in P lyengan shows some resemblance to that of the 
lecumbeiit-haiied species, P dentuhis from Baluchistan (Sinton, 1933) The 
absence of a pigmented area in the lattei species, the very curved alignment of the 
buccal armature, as well as the number and arrangement of the teeth, differentiate 
the two species In addition P lyengai i has a very poorly developed pharyngeal 
armature and a different palpal formula 
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NOTES ON SOME INDI VX .SPnjCTES OE THE GENUS 

PHLEBOTOMUS 

Part XXXV. 

^VDDITIONS AND ALTER VTIOXS TO THE DIAGNOSTIC TABLE 

OF FFAIALES 

R\ 

Lieut -Colon ei J A SINTON, jj p , d sl , i ji s 
{From the Malaria Suiveij of India, Easauh ) 

[ Received for publication, April 5, 1933 ] 

Since the diagnostic table for the females of the Indian species of the genus 
Phlebolomus v/as published about one year ago (Sinton, 1032fl), several other 
species have been added to the list of Indian fauna These include — 

(j) P stantom, an erect-haired species, of nhich one specimen was discovered 
in a collection made by Captain P J Barraud, e e s , v z s , at 
Golaghat, Assam, in 

(it) Three new species belonging to the group with scanty erect hairs (sub- 
genus iSiiitoiuws) — (a) P mdithcB from Saugor, Central Provmces 
(Sinton, 19326), (6) P hodgsom from the North-West Frontier 
Province (Sinton, 19336) and (c) P iijengan from Travancore 
(Sinton, 1933c) , and 

{ill) P dentatus, a recumbeiit-haired species, from Quetta, Baluchistan 
(Smton, 1933a) 

In order that these five species should be included in the diagnostic table 
mentioned above, the following alterations and additions aie given to replace 
items 8 to 13 of that table — 

ADDITIONS AND ADTEBATIONS IN TABLE FOR THE IDENTIFICATION 
OF THE FEMALES OF THE INDIAN SPECIES OF THE GENUS 
PRLEBOTOMVS 

8 Spermatheca fusiform with striatioii*! forming tnangular 
areas at margms (Plate lU, fig 13)t, pharynx Targe 
and markedly flask shaped with armature consisting 
of large teeth about middle line and smaller teeth 
lateraUy (Plate ni, fig 14)t chinensis. 

* A full descnption of the female of this species from Siam has been given by Sinton (1931) 
t These numbers refer to the Plates issued wth the ongmal diagnostic table (Smton. 1932o) 

J, MR ( 225 ) 15 
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Spermatheca witJi transverse striations (Plate HI, figs 16 
and 18)* , pharynv not markedly flask shaped, with 
armature showing small teeth about middle line and 
foiv or none laterally (Plate III, fig 15)* 

8a Spermatheca fusiform with small apical segment (Plato 
XV, fig 58) , spermathecal ducts short but common 
duct very long (Plato XV, fig 60) , geniculate spines 
long, Newstead’s spines grouped around middle of 
palpal segment 3 (Plato XV, fig 61) P, stantonl. 

Spermatheca carrot shaped (Plate III, figs 16, 18)* , 
common spermathecal duct short (Plate XV, figs 
69-62) 

9 Spermatheca very markedly carrot shaped, with large 
apical segment (Plate III, fig 16)* , short spermathecal 
ducts, each not more than twice the length of body of 
organ (Plato XV, fig 59) , sternal tubercle narrow 
(Plate III, fig 17)* , geniculate spines comparatively 
short , Nowstead’s spines scattered over middle third 
of 3rd palpal segment (Plato III, fig 16a)* P. argentlpes. 

Spermatheca not so markedly carrot shaped, with small 

j^apical segment (Plate III, fig 18)* , long spermathecal 

^duots each about 4 times the length of the body of the 
organ (Plato XV, fig 62) , sternal tubercle broad 
(Plate III, fig 19)* , geniculate spines long , New- 
stead’s spines grouped near middle of 3rd palpal segment 
(Plate in, fig 17a)* P. colabaensis. 

10 Spermatheca turnip shaped and unsegmented (Plate IV, 

fig 26)* , well developed buccal and pharyngeal arma- 
tures (Plate IV, figs 24 and 26)*, groups of wide • 

scales on thoracic pleur o , antennal formula 1 over 
IV-XV , Newstead’s spines present on both 2nd and 

3rd palpal segments (vide No 19) P, squapnipleurls. 

Spermatheca elongated wuth distinct transverse seg- 
mentation (Plate III, fig 21)* (Plate XV, fig 65) , 
antennal formula 2 over at least IV— XV , Newstead’s 
spines on 3rd palpal segment only 

11 Spermatheca pipe shaped with very wide duct (Plate XV, 

fig 65) , w ell developed pigmented area and buccal 
armature with about 60 teeth (Plate XV, fig 66) , 
palpal formula 1, 2, 4, 3, 5 P. hodgsonl. 

Spermatheca sausage shaped with 8-12 segments and 
narrow duet (Plate III, fig 21)* 

11a Pigmented area poorly developed and buccal armature 
with 4-6 widely separated teeth (Plate III, fig 20) *, 

palpal formula 1, 2, 4, 3, 5 P. chrisfophersi. 

Pigmented area well developed and buccal armature ivith 
10-60 contiguous teeth (Plate III, fig 23, and Plate 
IV, fig 28)* 

12 Buccal armature with 10-16 teeth 

Buccal armature with more than 30 teeth . 

12a Buccal teeth of about equal size, arranged in almost 
straight line (Plate m, fig 23) *, pigmented area with 
sharply pomted tad and almost straight posterior 
margin, antennal segment HI less than IV and V 
together, palpal formula 1, 2, 4, 3, 6 P« clydcl. 


0 


11 


11a 


12 

12a 

12b 


* These numbers refer to the Plates issued with the original diagnostic table (Smton, 193_a) 
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Buccal keth very largo laUrallv and amall centrillN 
arranged with diatinct postirior touc'viU (Plik 
fig 09), pigmented area with Munt tail and central 
posterior projection , anUnnil '•egment III gre iter then 
IV and V together, palpil foriuuli 1,2, I, 4 O P. iyengari. 


12t, Buccal armature mth about i'ltttlh and pigmented area 
with slightly truncateil tail (P!i<o W, fig oJ) speruia 
theca with 12 scgiiicnta (Plate \\ fig 04) palpal 
formula 1, 2, 3 1, o , anlcumt M.meot III U So tbdQ 
IV' and V'' together P cadilhae. 

Buccal armature uith about lO-oO l'''th and pii,minted 
area with murkcdlj trimcabd till (I lite I\ tin 28) * 
sjicrmathcca with S-10 ‘■fTnunt-. palpal foimula 
1 2, 3, 4, j , antennal segiu nt HI ^rcatir than IV and 
V together P. hospitii. 

13 Pigmented area poorlj decelojxd or absent (Plate IV 
figs 30 and 35)* 

Pigmented area well dec eloped (Plat 1\ hg^ 32, 33, 34, 
etc)* 

13a Pharyngeal armature well dec elop*-d and buccal anna 
turo with 6 smaller median teet! and 4 cen large 
pomted teeth on each side (Plate X\ fig 67) sperma 
theca large with wide duct (Plate \\ fig 68), palpal 
formula 1, 2, 4, 3, 5 P. dentatus. 

Pharvngcal armature poorh dec eloped (Plate IV, fig> 30 
and 35)* 


13a 

16 


14 


Noie of a rapid method of preparing sandflies for 

EXAMINATION 

In a previous paper (Sinton 1932a) lacto-phenol was advocated as a clearing 
agent for both, fresh and drv spec iraens of Plilebotom us Recent w ork with chloral- 
lacto-phenol, as described by Longeron (1921), has sliown this fliud to be even 
better than lacto-phenol 

The composition of the fluid used is as follows — 

Chloral hydiate (crvstals) 2 parts 

Acid, carbolic (crystals) 1 part 

Lactic acid, pure 1 pait 

This fluid not only clears specimens rapidly but also q^uickly softens dried 
ones and makes them easy to dissect Specimens cleared in thbs fluid show very 
distmctly the details of the buccal and pharyngeal ai matures, as well as of the 
spermathecse 

The flmd has also been found verv useful in evamimng the appendages of mos- 
qmtoes and other insects The portion to be studied is placed in the fluid for ^-1 
hour, or longer if necessarv It is then dissected, arranged and examined under a 
coverglass If it is desired to make a permanent unstained preparation, the chloro- 
lacto-phenol is washed out with amyl alcohol, which is in turn replaced by xylolf. 


used 


’These numbers refer to the Plates issued with the original diagnostic table (Smton, 1932a) 
t This step may often bo omitted, but the results are usually better aud more certain if xylol is 
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and Canada balsam applied The method is easy, lapid and gives very good 
results 
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Postscript — 

While this paper w as in the Press TJr Perfiljow has Ivindlj’ sent me a reprint of a paper on the 
sandflies of Turkemenistan [2oof .-inzcii/cr, (1930), 101 , 7/8, jip 221-27] In this papei he descnbes 
a new variety of Plilebotoiuus, P minutus var ai paUrnsis Tins variety seems identical mth 
P (hiitalus but shows an oval pigmented urea I ha\e recentlv received a specimen ansnenug to 
this description from Liont Colonel H E Shortt, i ji s This was collected betiieen Malakand and 
Dir, N -W F Province — [J AS] 
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CONCENTEATION OF A^ITIVEXOMOUS SERUM 
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Major G C AI MTRA, i ji s , 

B P B NAIDU, M D , 

■VND 

Captain M L AHUJA, i m s 
{From the Cenlial Research Institute, Ka&auh ) 

[Received for publication, Apnl 12, 1933 ] 

In a previous comirumication (Mallick and Maitra, 1932), certain preliminary 
work bearing on concentration of the antivenomous serum prepared at the Central 
Research Institute, Kasauli, was detailed It had been shown in continuation of 
previous work in India (Acton and Knowles, 1915 , Cams, Iyengar, and Anderson, 
1924) that the effective principle in the immune horse serum was m the pseudoglo- 
bulin fraction and that purification and concentration of antivenene was possible 
by the ammonium sulphate process employed bv Maxtrumia et al (1930) in 
fractionation of serum proteins 

Purther work has now been done with the object of finding out a smtable 
techmque for concentrating serum for issue on a large scale which would result in 
the least possible loss of unitage during the process 

The unconcentrated antivenene, as at present issued, is standardized to 
neutralize not less than 1 0 milligram of daboia venom and 0 5 milhgram of 
cobra venom per cubic centimetre The experimental concentration of successive 
small quantities was carried out on batches of time-expired sera (sera kept at 
temperature for over 2 years) and it was found that in all cases the actual 
daboia titre, which was taken as the index of potency, was much above the 
declared minimum titre — quantities of the 'sera varying from 06cc to02cc 
P^*^ting pigeons of standard weight against a dose of 1 milligram daboia venom 
(10 M L D per pigeon) 

A few preliminary trials of concentration were made by the method described 
by Grasset (1932) According to this method an imtial precipitation of euMobulin 
IS carried out by 11 5 per cent saturation with anhydrous sodium sulph^e the 
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precipitate is sepai ated by filtration and discarded The filtrate is further saturated 
with an additional 6 5 per cent anhydrous sodium sulphate when the pseudoglobulin 
of the serum containing the antivenomous principle separates out leaving the useless 
albumin in the filtrate The pseudoglobulm thus collected is left in the refrigerator 
overnight to allow the greater propoition of the sulphate to crystallize out° The 
viscid pseudoglobulin separated fiom the sulphate is then dialysed in cellophane 
bags to get nd of all traces of the salt This method, although yielding satisfactory 
concentration in occasional expeiiments, failed to give consistent and comparable 
1 esults in successive batches Besides that, the loss of unitage during concentration 
was consideiable, being 20 pei cent to 60 pei cent of the original unitage of uncon- 
centrated seia used in the process 

Further w oilc was then can red out by a longer sodium sulphate process following 
in its main lines methods of concentiation which has been successfully employed for 
other antitoxic sera 

The procedure adopted was as follows — 

(o) Two volumes of distilled water added to one volume of serum , 

(6) Anhydrous sodium sulphate added in fractions until the specific 
gravity of the mixture reached 1175 at 33°C (about 22 per cent 
sodium sulphate) , 

(c) Solution filtered through Whatman filter-paper No 60, the euglobulin 

and pseudoglobulin precipitate being retained and the albumin passing 
through , 

(d) Filter -paper with the precipitate washed in saturated sodium chloride 

solution to dissolve pseudoglobirlm , 

(e) Solution filtered, pseudoglobulin passing through , 

(f) Pseudoglobulin precipitated by the addition of 0 25 per cent acetic acid , 
(ff) Precipitate collected on filter-paper and pressed dry , 

(k) Two per cent sodium carbonate mixed with pseudoglobulin and the 
mixture dialysed in running water until free of sulphate , 

(z) Reaction adjusted to pH 7 4 and 1 per cent sodium chloride and 0 35 
per cent trikresol (or other preservative) added , 

(f Filtration through Seitz filter 

While these are the general lines of the process, minor variations were tried 
with the following results in successive batches — 

Batch I — tested on 25tk Jammy, 1933 

Antivenomous serum used was manufactured in 1930 

Process Serum diluted with twice its volume of distilled water brought 
to 33°C , anhydrous sodium sulphate gradually added to bring the solution 
to sp "r 1175 at 33°C , filtered precipitate dissolved in saturated salt solu- 
tion , after standing for one hour at 33°C filtered , to the filtrate 0 25 per 
cent acetic acid added to precipitate pseudoglobulin , filtered , precipitate pressed 
to a cheesy mass , 0 3 per cent sodium carbonate added and dialysed in 
runmng tap-water The dialysate although free of sulphate contained jelly-uke 
lumps of pseudoglobulm which did not go into solution even after further 
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dialysis Its pH was adjusted to 7 2 and 1 pei cent sodium chloride added , the 
lumps were renioaed by filtration through cotton-wool 

Uneoncctitralcd scrum Concuiirakd serum 

Amount u^ed — oOO cc Amount n.co\erpd — 112 co excluding lump's 

Titre — OGcc nciitnlizcd 1 mg diboia \cnom Titre — 0 15 cc ncutrilized 1 mg dabpia venom 

Concentration — fourfold 

Total umtngc — SJ3 Total uuitage — 746 

I O's of unitago — slightly o\er 10 per cent 

The concentrated serum was treated with 0 35 pei cent tiikresol passed 
through Seitz filter and re-tested for potency after storage foi 0 da^ & m the 
refrigerator 

Unco/iccnlratcd scrum Concentrated serum 

Titre — 0 6 c c neutralized 1 mg daboia venom Titre — 0 15 c c neutralized 1 mg daboi i venom 

Titre — 1 c c iieutrilizcd 0 S mg cobra venom Titre — 0 25 c e neutralized 0 8 mg cobra venom 

(^f L D of cobra venom being 0 3 mg ) 

Comment 

0 3 per cent sodium carbonate which was added to pseudoglobulin 
precipitate was not sufficient as the latter did not go into complete solution 
durmg dialysis 


BiTCH II — tested on 1st Febiiiaty, 1933 
Serum used was manufactured m January 1931 

Process Serum diluted wuth twice its volume of distilled w ater and brought to 
33°C , anhydrous sodium sulphate added to bring the solution to sp gr 1175 at 
33°C , filtered , precipitate dissolved in saturated solution of sodium chloride , 
allowed to stand tor 15 minutes at 33°C and filtered , precipitate pressed to a cheesy 
mass 3 per cent sodium carbonate added and dialysed in running tap-water for 24 
hours As the dialysate in the bag was turbid it w as further dialysed m 1 pei cent 
saline for 48 hours Dialysate was clear and free of sulphate To it was added 
chinosol (1 in 1,000) after the pH had been adjusted to 7 6 and the concentrate 
passed through a Seitz filter 

Unconcentrated serum Concentrated serum 

Amount u£ed — 200 c e Amount recovered — 60 c c 

Titre — 0 4cc neutralized 1 mg daboia venom Titre — 0 3 cc neutralized 1 mg of daboia verem 

Concentration — 1 3 fold 

Total umtage — 500 Total unitage — 200 

Loss of umtage — 60 per cent 

Comment 

[a) 3 per cent sodium carbonate added to the precipitate was siifBcient to 
bring it to solution during dialysis 

(h) Dialysis in 1 per cent salme resulted in a loss of potency and a considerable 
loss m total umtage 
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Batch 111—testefd on Fehumy, 1933 

Seriun used was manufactured in April 1931 

Process Serum diluted with twice its volume of distilled water and brought to 
33°C , anhydrous sodium sulphate added to bring the solution to sp gr 1176 at 
33°0 , precipitate dissolved m saturated salme , allowed to stand for 30 minutes at 
33°C and filtered , 0 25 pei cent acetic acid added to filtrate , re-filtered , preci- 
pitate pressed to a cheesy mass and 2 per cent sodium carbonate added , dialysed m 
running tap-watei for 24 hours and in 1 pei cent saline for 48 hours The dialysate 
was clear The reaction was adjusted to pH 7 5 and 0 35 pei cent trikresol added 
and concentrate passed thiough a Seitz filter 

The euglobnlin precipitate recovered from the saturated saline was pressed to a 
cheesy mass and dialysed in 1 per cent saline solution Its pH was adjusted to 7 0 
and 0 35 pei cent trikresol added The concentrate was then passed through a 
Seitz filter 


Unconcrntraltd sanim 


Concentrated serum 


Amount used — 100 c c Amount of pseudoglobulin solution recovered — 

47 c c 

Amount of euglobubn solution recovered 9 6 c c 
Titre — 0 46 c o neutralued 1 mg daboia venom Titre of pseudoglobulin fraction— 0 4 c c neutra 

lized 1 mg daboia venom 
Titre of euglobulin fraction— 0 4 c c did not 
neutralize 1 mg daboia venom 
Concentration — practically nil 

Total unitage — 222 Total unitage — 117 

Loss of unitage — 47 per cent 


Comment 


Loss of unitage and poor concentration W'ere due to dialysis in 1 per cent salt 
solution 


Batch IV — tested on 8th Fehuaiy, 1933 
Serum used was same as that employed for Batch HI 

Piocess Serum diluted with twice its volume of distilled water and brought 
to 33°C , anhydious sodium sulphate added to bring the solution to sp gr 1175 at 
33°0 , filtered , precipitate dissolved in sodium sulphate solution of sp gr 1175 
at 33°C and filtered again , precipitate pressed to a cheesy mass and dialysed m 
running tap-water for 24 hours and then in 1 per cent salt solution for another 24 
hours The dialysate was free of sulphate To this 0 35 per cent trikresol was 
added and filtratron through Seitz filter earned out 

Vnconcentraled serum Concentiated globulins 

(Euglobulin and pseudoglobulin ) 

Amount used — 120 c c Amount recovered— 36 c c after dialysis 

Titre — 0 45 c c neutralized 1 mg daboia venom Titre — 0 15 c c neutralized 1 n g daboia venom 

Concentration — threefold 

Total unitage— 266 Total unitage— 240 

Lob.s of unitage — less than 10 per cent 

Comment 

Dialysis of both fractions together resulted in minimum loss of umtage 
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Batch V — tci^fed on 16th Febiuaii/, 1933 

Serum used uas manufactured m May 1931 

Process 180 c c distilled water added to 120 c c serum , mixture heated to 
33'’C , anhydrous sodium sulphate graduallj added to bring the solution to sp gr 
1175 at 33°"C , allowed to stand at this temperature for one hour and filtered , 
precipitate washed m sodium sulphate solution of sp gi 1175 at 32°C and 
re-filtered , precipitate pressed to a cheesy consistency and dialysed in running 
tap-water for 24 hours and then in 1 per cent salt solution till free of sulphate 
The pH of the dialysate was adjusted to 7 2 and 0 35 per cent trikresol added 
and filtration through Seitz filter earned out 

V nconceulraled serum Concenlraled gloluhus 

Amount used — 120 c c Amount recovered — 36 c c 

Titre — Not estimated Titre — 0 15 c e neutralized 1 mg of daboia 

venom 

Batch VI — tested on 2nd Alai ch, 1933 

Serum used was that obtained from several laboratory test samples of 
antivenm manufactured during 1930-1931 

Process Serum diluted with twice its volume of distilled water and brought to 
33'’C , anhydrous sodium sulphate added to bring the solution to sp gr 1175 at 
33°C and allowed to stand at this temperature for one hour and filtered , precipitate 
washed with sodium sulphate solution of sp gr 1175 and mixture re-filtered, 
precipitate then washed m saturated salt solution and left for 5 hours at 33‘C and 
filtered , 0 25 per cent acetic acid added to filtrate to precipitate pseudoglob ulm , 
filtered , precipitate pressed to a cheesv mass, 1 5 per cent sodium carbonate added 
and dialysed m running tap-water for 24 horns , dialysis contmued in 1 per cent 
saline solution for 48 hours till free of sulphate The pH of the dialvsate was 
adjusted to 7 6 and the concentrate divided mto three equal portions To one lot 
0 35 per cent trikresol was added , to another 1 in 1,000 chmosol and to a third lot 
1-5,000 merthiolate, and all filtered through Seitz filters 

TJneoncentraied serum Concentrated 

Amoimt used — 150 o c Amount recovered — 110 c c 

litre — 0 2 0 0 neutralized 1 mg daboia venom Titre — 0 00 c o of serum treated ivith trikresol 

neiitrabzed 1 mg daboia. venom 0 09 c e 
of serum treated with merthiolate neutralized 
1 mg daboia venom 0 0S5 o c of serum 
treated ivitb chmosol neutralized 1 mg daboia 
venom 

Concentration — just over twofold 

Total umtage — 2,250 Total umtage — 1,555 

Loss of umtage — 30 per cent 

Comment 

Loss of potency and umtage were probably due to prolonged dialysis in 1 per 
cent salme 

Batch VII 

The serum used was the same as m Batch VI 

Process Serum diluted with twnce its volume of distilled water and brought 
to 33°C , anhydrous sodium sulphate gradually added to bring the solution to the 
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sp gr 1 175 at 32°C and filtei ed , pi ecipitate waslied in saturated solution of sodium 
chloride and allowed to stand foi 30 minutes at 33'’C and then filtered , 0 26 per 
cent acetic acid added to filtrate and thenie-filteied , precipitate piessed to a cheesy 
consistency and weighed This was divided into two equal lots each weighing 29 6 
grammes To one lot 0 3 per cent sodium caibonate was added and to the other 
1 pel cent sodium carbonate and both these dialysed in running tap-watei foi 36 
hours The pH of the dialysates was adjusted to 7 4 It ivas observed that the 
addition of only 0 3 per cent sodium carbonate to the pi ecipitate before dialysis 
resulted in a gelatinous fluid of gieat viscosity which did not improve by the 
addition of further quantities of sodium carbonate and theiefore this portion was 
discarded The one to ivhicli 1 per cent sodiimi caibonate was added dialysed 
better, but small lumps were present in the dialysing bag To this 1 per cent sodium 
chloiide and 0 35 pei cent tiikiesol weie added and the mixture passed through a 
Seitz filter 

U nconcentraled serum Concentrated serum 

Amount used — 125 c c Amount recovered — 32 c c 

Titre — 02 cc neutralized 1 mg daboia venom Titre — 0 07 c c neutralized 1 mg daboia venom 

Concentration — about threefold 

Total umtage — 625 Total umtage — 157 

Loss of imitagc — 27 per cent 

Comment 

{a) The addition of only 0 3 pei cent sodmm caibonate to the pseudoglobulm 
precipitated with acetic acid was insufficient to cause complete solution and a 
gelatinous fluid with lumps resulted 

(6) The addition of 1 pei cent sodium carbonate to the above precipitate before 
dialysis was also insufficient to pi event the occurrence of gelatinous lumps 

(c) The increased loss of umtage was due to formation of lumps durmg dialysis 
which would not go into solution 


Batch VIII 

Seium used was the same as that employed in Batch VJ 
Process Seium diluted with twice its volume of distilled water and brought 
to 33°G , anhydrous sodium sulphate gradually added to bring the sp gr to 1175 
at 33°G and filtered , precipitate washed with sodium sulphate solution of sp gr 
1175 at 33°C , precipitate dissolved in saturated solution of sodium chloride and 
allowed to stand at room temperature foi two hours and filtered , 0 25 per cent 
acetic acid added to filtrate and re-filtered , precipitate pressed to a cheesy con- 
sistency and 2 per cent sodium carbonate added to it and dialysed in lunmng tap- 
water , pH of the dialysate adjusted to 7 4 , 1 per cent sodium chloride and 0 35 
per cent trikresol added and filtration thiough Seitz filter carried out 

U nconcenirated serum Concent) aied serum 

Amount used — 250 o o Amount recovered — 72 o c 

Titiu — 0 2 e c neutralized 1 mg daboia venom Titre — 0 07 o c neutralized 1 mg daboia venom 

Concentration — about threefold 

Total umtage — 1,023 
Loss of umtage — 18 jier cent 


Total umtage — 1,250 



G 0 Maitra, B P B Naidu and 3'I L Ahuja 


235 


Oommenl 

Two per cent sodium carbonate was just sufficient to prevent the 
formation of lumps during dialysis 


Batch IX 

Sera concentrated by Grasset’s method which show ed low potency were pooled 
together and the resulting mixture was diluted with ten tunes its volume of distilled 
water The diluted product was satmated u ith sodium chloride and left over for a 
week m the refrigerator It was then filtered To the filtrate 0 25 per cent acetic 
acid was added and the precipitate filtered at room temperature To the precipitate 
3 per cent sodium carbonate was added and dialysed m running tap-water for 36 
hours — free of sulphate The pH of the dialysate was adjusted to 7 4 1 per cent 
sodium chloride and 0 35 per cent trikresol added and filtered through a Seitz 
filter 

Concentrated serum lieconcentrated serum 

Amount used — 250 c c Amount recovered — 134 c c 

Titre — 0 4 c o did not neutralize I mg daboia Titre — 0 06 c c nentrahzed 1 mg daboia venom 

venonl 

(Titre o£ nnconcentrated scrum 0 2 c c neutra 
^lized 1 mg daboia venom ) 


Batch X — tested on 26f/j March, 1933 

A further batch was concentrated by methods based on the experience of the 
previous concentrations allowing a longer period for each stage of precipitation and 
using the quantities of sodium sulphate and sodium carbonate which had been 
found to give optimum residts 

The serum used was only 3 weeks old 

Process Serum diluted with twice its volume of tap-water and brought to 
33°C , anhydrous sodium sulphate added to bring the solution to sp gr 1175 at 
32'’0 and filtered , precipitate washed in saturated solution of sodium chloride 
and allowed to stand for 2 hours at 33°C , filtered , 0 25 per cent acetic acid added 
to^filtrate and re-filtered through chain cloth , precipitate pressed to a cheesy mass 
u ithin folds of filter-paper and absorbent twiU cloth , two per cent sodium carbonate 
added to pressed precipitate and dialysed in running tap-water for 18 hours After 
adjusting pH to 7 4 and addition of 1 per cent sodium chloride the concentrate was 
passed through a Seitz filter 


Vnconcentrated serum 


Concentrated serum 


Amount used — ^700 c c Amount recovered — 115 c c 

Titre — 0 5 c c neutralized 1 mg daboia venom Titre — 0 1 o c neutralized 1 

Concentration — fivefold 

Total umtage — 1,400 Total nnitage — 1 150 

Loss of umtage — 18 per cent 


Comment 


mg 


daboia lenom 


Fivefold concentration was easily obtained from an original serum of 
comparatively low potency 
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Discussion 

The precise distribution of autivcnomous principle in the pseudoglobiilm 
fraction of serum having been established by previous woikers it became possible 
at liist to concentrate a few batches b}’- fiactionation with ammonium sulphate but 
in these experiments not moie than twofold concentration was obtained The 
method was found to have ceitain drawbacks, e g , it required a very prolonged 
dialysis to get lid of all ammonium salts entailing considerable loss of unitage m 
the final product probably due to bacterial decomposition In fractionating with 
sodium sulphate in the present senes of experimental batches it was found that the 
dialysis of the salt in running tap-watei was as a lule complete in 12-18 hdurs and 
loss of umtage even in small batches was not over 20 per cent The final product 
aftei bacteria-free filtiation is much cleaiei and threefold concentration was easily 
obtained With increased expeiience and the use of largei quantities of serum 
at a tune it is expected that the loss of unitage can be reduced still further and 
the potency regularly laised to foui or fivefold If these hopes are reahzed and 
potency of the concentrate is maintained at least foi a year under ordinary 
conditions of stoiage the method would be suitable for the manufacture and 
issue of a potent and purified antivenin on a laige scale 

Summary 

1 With the sodium sulphate method at least a thieefold concentration of 
antivenomous serum can be obtained 

2 0 25 per cent acetic acid was found to precipitate all the pseudoglobiilm 
from the brine filtrate 

3 Dialysis of the pseudoglobulinpiecipitatewith the addition of 0 3 per cent 

and 1 per cent sodium carbonate resulted in a lumpy dialysate which did not go into 
solution by fui ther addition of the alkali Dialysis of the pseudoglobiilm precipitate 
with the addition of 3 pei cent sodium carbonate resulted in a clear liquid dialysate 
of good appearance ^ 

4 The quantities of the sodium carbonate added to the pseudoglobulm preci- 
pitate for dialysis, namely, 0 3, 1, 2 and 3 per cent appeared to have no appreciable 
efiect on the potency of the concentrated serum 

6 Dialysing the pseudoglobulm precipitate m 1 per cent sodium chloride 
solution resulted in a product of low potency with consideiable loss m unitage 

6 The addition of 0 35 per cent trilcresol, 1 m 1,000 chmosol or 1 m 5,000 
merthiolate had no adverse influence on the antivenomous potency of the concen 
trated serum, when tested one week after their addition 
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Various micro-methods of estimating iodine have been devised , but none of 
them take sufficiently into consideration the various extraneous factors which 
interfere with the estimation The methods in use by different woikers aie 
either titrimetnc or colorimetric In the titrimetric methods one of the two 
courses is followed (a) the iodide is oxidized to lodate either by chlorine 
(Fellenberg, 1924), bromine (Kendall, 1 920 , Kelly and Husband, 1924, Leitch and 
Henderson, 1926 ^Hercus, Aitken, Thomson and Cox, 1931 , Taylor, 1931), or by 
alkaline permanganate (Gerard and Kaunnet, 1932 , Gmtzner, 1914), lodine-fiee 
potassium iodide in acid medium being subsequently added and the libeiated 
iodine titrated with thiosulphate using starch as indicator, or (b) the lodme is 
liberated from the iodide by means of mtrosj 1-suIphuric acid, absorbed in 
carbon disulphide and titrated in acid-free medium with thiosulphate (Hercus 
and Roberts, 1925) 

The colorimetric methods depend on hberating the iodine from the iodide with 
nitrosyl-sulphuric acid (Fellenberg, 1924 , Newcomb and Sankaran, 1930 , 
McClendon, 1924) or nitrite sulphuric acid reagent (Hercus and Roberts, 1927) and 
comparing the colour given by iodine in carbon disulphide, chloroform or carbon 
tetrachloride, with standards, either by naked-eye approximation or by a micro- 
colorimeter The partition coefficient of iodine between carbon disulphide and 
water is 620 , between chloroform and water, 130 , and between carbon tetra- 
chloride and water, 87 Hence, carbon disulphide was used as a solvent for the 
iodine 

In all these methods the loss of iodine due to incineration, m the 
process^ of converting the orgamcally combined iodine into the alkali iodide, is 
considerable , so also is the risk of direct oi indirect contamination of the 
material under analysis by lodme It was therefore thought desirable to 
examine the accuracy of these methods and, if possible, to devise one in 

J, MR ( 237 ) 1 
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winch the margin of expeiimental eriox was i educed to a lower limit To this 
end the following experiments were made — 


Experiments ; Gboup I 

Fellenbeig’s method, as adopted bj’ Newcomb and Sankaran (1930), was used 
in an attempt to determine the conditions foi the optimum yield of iodine in human 
urine (Uj) stocked in bottles with potassium Ciirbonate 


(a) To ascertain the optimum time of evaporation , the time of incineration and 
fubion being Jcepit «« 30 minutes 

The following observations were made , the samples being incinerated at 
below red-heat temperature, approximately 300°C — 


Obaer 

vation 

number 

1 

1 

! Volume of 
urine taken 
in c c 

Time of 
evaporation 

ID hours 

Iodine 
lecovered 
in y 

1 

60 

i 

1 

20 

2 

60 

i 

! 2 

20 

3 

50 

3 

1 

20 

4 

! 60 

i 

1 1 

1 

1 

i 20 

1 

6 

60 

i 

2 

1 20 

1 

6 

60 

2 

20 

7 

1 

j 60 

i 

3 1 

20 

8 

60 

^ 1 

i 

1 2 0 

9 

50 

1 

1 i 

i 

1 

20 


These observations show that there is no change in the recovery of lodme with 
the tune of evaporation The optimum tune of evaporation is therefore 
one hour 
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(6) To a'^tcilain the opltmiioi tune of incineuition nndjut^ion , the lime of 
Liapoiation being kepi at one houi 
The follow in" obsei v itious w eie made — 


Obser 

\atioii 

unmber 

\ olume of 
urme tal eii 
in c c 

Time of 
incmeration 
and fiiMon 
in minutes 

Fused mass 
powdered 
or not 

Iodine 
recovered 
in y 

10 

10 

3 

Xot pow dered 

1 0 

11 

50 

10 

♦ » 

1 0 

12 

■|0 

in 

Powdered 

1 6 

1 ! 

■)0 

15 


20 

l-l 

1 

'iO 

20 

♦ » 

2 5 

15 

nO 

1 

25 

Xot powdered 

20 

K) 

-lO 

30 

Pow dered 

20 

17 

-.0 

30 

.. 

20 

IS 

50 

60 

.. 

1 5 

19 

50 

20 


25 

20 

50 

120 

»> 

1 5 

21 

50 

25 

, 

25 


These observations show that the optimum time of fusion vanes from 20 to 25 
minutes If the fused mass is not powdered thoroiighlv at the stage of incineration 
there is a fall in the recovery of iodine The optimum time of fusion is that at which 
all the organic matter is disorganized at about 300°C , viz , 20 to 25 minutes 

The following is rhe detail of conditions found to be optimum for the recoa ery 
of iodine from samples of urine, when Fellenberg’s method is used — 

Evaporate over a Fishei burner a mixture of 50 c c of urine, 2 g of K2CO3 
and 2 c c of 10 per cent potash with constant stirring m a nickel dish , the evapora- 
tion to be completed in one hour Slowly ignite and incinerate at below red-heat 
for about 20 minutes Meanwhile thoroughly powder the mass with a glass-rod 
By this time all the aromatic smell will haa e disappeared 

After cooling add about 5 c c of water, evaporate to a pasty condition and 
again cool Add 2 c c of 80 per cent alcohol, mix well with a glass-rod and transfer 
the alcoholic solution of potassium iodide to a small nickel dish If the paste tends 
to run oa’^er with the alcohol, extract sea’^eral times with 0 5 c c of absolute alcohol 
till the pasty mass is restored to its proper consistency Repeat the extraction 
with 80 per cent and absolute alcohol till the volume of the extract is about 5 c c 
Add to this extract one drop of ten pei cent potash and evaporate to dryness over 
a water-bath The residue is then whitish Gently heat over a free flame till the 
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lesidue begms to fuse The i esidue then appeals slightly charred Cool aud extract 
with 0 2 c c of 80 per cent and absolute alcohol till the volume of the extract in a 
platinum dish is about 1 c c Add one diop of 10 per cent potash and evaporate 
to dryness ovei the water -bath Wave the dish over a naked flame till the solid 
residue ]ust begins to melt Then cool and add three drops of distilled water, mix 
with a small glass-iod and transfei the solution to a clean and dry shaking-out 
tube AYash the platinum dish tliiec oi foui times, using two drops of distilled 
watei for each washing, and add the washings to the shaking-out tube The 
volume of the wash in the tube will then be about 0 4 c c To this colourless 
solution add one drop of decinoimal sodium aisenite solution and a few drops 
(usually two) of 5 N sidphuiic acid till acid , allow to stand foi five minutes in 
Older that the reduction of lodate into iodide may be completed Then add one 
diop of caibon disulphide and one diop of nitiosyl-sulphuiic acid, shake well and 
centiifugalize If the colour is very intense add some more carbon disulphide, 
shake and centiifugalize Then compare the colour with that of standards 

Experiments : Group II 

The following control analyses w'ere made by the above method in ordei 
to determine the extent of the loss of iodine consequent on incineration, and 
to compare any such loss with that occur ring in the methods devised by other 
workers — 

(a) Using 50 c c of stock urine (JJa) with oi without the addition of iodine in 
the foim of potassium iodide the following results were obtained — 


Obser 

vatioii 

number 

Volume of 
unue taken 
in c c 

loiluie 
added 
in y 

lodiue 
j recovered 

ID y 

* 1 

Mean 
rccoveiy 
of iodine 
in y 

Percentage 
oi loss 

22 

50 

0 

20 

> 

1 



23 

50 

0 

20 


20 


24 

50 

0 

20 

1 

j 



23 

50 

1 0 

26 

i 

[ 


i 

26 

50 

1 0 

26 

1 

26 

' 40 0 

27 

50 

10 

26 




28 

50 

20 

36 




29 

50 

20 

35 


36 

25 0 

30 

60 

20 

36 

J 




These observations show that the loss of iodine by this method varies fiorn 
25 to 40 pel cent The amount of iodine recoveied is not an absolute measure o 
the amount of iodine present in the urine It indicates only the amount that can 
estimated by this method 
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(i) Known amounts of iodine were added to tlie residue after incineration, and 
the recover} of iodine noted, to see if the loss of iodine observed in the previous 
e\perimeut was due to libeiation of smoke or to imperfect extraction "With a 
sample of urine (U3) the follow mg obseivations weie made — 


Obaer 
\ ItlOIl 
uumbcr 

\ olume of 
unno taken 
in c c 

1 lodini 
added 
in 1 

Iodine 
recov ered 
in y 

Mean 
recovery 
of iodine 
m y 

1 

Percentage 
of loss 

31 

50 

0 0 

1 2 




32 

30 

0 0 

24 

i 

2 33 


33 

50 

00 

24 

J 



31 

i 50 

2 0 

40 



i 

35 

1 50 

20 

40 

I 

4 17 

80 

3G 

50 

20 

i 0 

J 




These obseiva^'ious show that the loss consequent on imperfect extraction is 
S per cent , that due to the incineiation in 11 (a) seems to vary from 17 to 32 per 
cent 

(c) Iodine was added to the incmeiated samples of urine (U3), filteied through 
a 'Whatman filtei, No 44, using 95 per cent alcohol, and the recovery noted The 
object of this expeiiment was to see if there is any loss during filtiation in the 
process adopted by Leitch and Henderson (1926) The following observations 
were made — 


Obser 

vation 

number 

Volume of 

Uj taken 
in c c 

1 

1 

Iodine 
added 
in y 

i 

Iodine 
recovered 
in y 

I 

5Iean i 

recovery , 
of iodine 
in y i 

1 

Percentage 
of loss 

37 

50 

1 

10 

32 

1 



38 

50 

1 0 

34 

1 

• 3 27 

66 

39 

50 

i 0 

32 





These observations show that there is very little loss during filtration with 
alcohol 

(d) Iodine was added to the mcmerated samples of mine (U3) as in experiment 
II (c) but in the filtration process hot water was used instead of 95 per cent 
alcohol The object of this experiment was to see if there was any loss during 
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filtiatiou m the piocess adopted by Hcicus and Eoberts (1927) The foJlowin*' 
observations weie made — 


Obbei- 

vatioii 

number 

Voluiuo of 

Uj taken 
in c c 

1 

Iodine 

added 

in y 

Iodine 
recovered 
in y 

Mean 
recovery 
of iodine 
in y 

Percentage 
of Jos'! 

1 

10 


20 

— 


■umii 


41 

oO 

20 




! 215 

42 

.">0 

20 





11 

44 

■50 

oO 

1 0 
i 0 

H 



23 0 


These obseivations show that theie is an appieciable loss in the lecoveij of 
iodine amounting to about 22 per cent on an average 

(e) Four Whatman No 1 filtei-papeis weie soaked with knonn quantities of 
iodine, boiled with watei and filteicd , the filtiate was evaporateil to dryness, 
extracted with alcohol, and the iodine estimated as usual The object of this expeii- 
ment was to see if there is any loss m the piocess adopted by Baumann and Nauuette 
(1932) The following obseivations weie made — 


Obscr 

vation 

ntimbei 

1 

Mumbci of 
, filter papeia 
taken 

Iodine 
added 
in y 

lodino 
iccovered 
in y 

Mean 
recov cry 
of iodine 

111 y 

Percentage 
of loss 

45 

4 

25 

20 

1 

1 

1 

1 

40 

4 

25 

2 2 

1 2 13 

' 14 S 

47 

4 

2 5 

2 2 

1 



These obseivations show that theie uas a fall in the recovery of iodine of 
approximately 15 per cent 

(/) Known quantities of iodine weie added to vaiyiug amounts of unwashed 
iice-powder and the lecoveiy of iodine noted The object of this expeiunent was 
to see if the loss of iodine is dependent on the amount of smoke evolved dining 
lucineiatioii The following obseivations weie made — 


ObbPi 

V ation 
number 

Amount of 
ncp povider 
taken in 
graranies 

1 

lodiiii, 
added 
in y 1 

Iodine 

recovered 

ill y 

Percentage 
of loss 

48 

1 0 

2 5 ! 

0 8 

OS 

49 

2 5 

2 o 

0 6 

7b 

50 

50 

25 

05 

80 

51 

5 0 

00 

00 



These obseivations shoiv that the gieatei the evolution of smoke the greater 1;^ 
the loss of iodine during incineiation 














M Patnaik 


243 


Eikperiments . Group III 

The following results indicate the importance of pH at the critical sensitiveness 
of starch-iodide colour and the extent to which the accuracy of titrimetric methods 
depends on the inter-relationship between pH and the limitations of starch-iodide 
colour — 


Ob^er 

tion 

number 

Free I, 
m 10 
c c 

I 

1 Vmouiit of acid in 10 c c 

[ 

Strength of colour 

pH 

Recovery 
of lodme 
in y 

o2 

1 

30 

A'l/ 

i 

Very famt blue 

2*7 

28 

51 

30 

Ice X, 100 H^SO, 


Faint blue 

22 

32 

54 

30 

1 cc X/IO H^O. 


Famt blue 

20 

30 

55 

30 

1 c c X HjSOj 


Blue 

1 2 

38 

56 

30 

lee 10 X HjSO, 


Blue 

<12 

44 

57 

20 

All 


iVil 

47 


58 

20 

1 cc X/lOO HjSO, 


Nil 

41 


59 

20 

1 0 0 X/10 HjSO, 


Famt blue 

22 

18 

60 

20 

1 c c X H SO. 


Famt blue 

2 0 

24 

61 

20 

1 c 0 10 X H,SO. 


Blue 

1 

<12 

36 

62 

30 

0 1 c c 20 per cent 

H,PO, 

Blue 

22 

31 

63 

30 

0 5 c c 20 „ 

H^PO, 

Deep blue 

<12 

34 

64 

30 

1 0 c c 20 „ 

H,PO. 

Deep blue 

<12 

36 

65 

30 

20 cc 20 

H,PO, 

Deep blue 

<12 

35 

66 

30 

1 0 c c SO 

H,PO. 

Deep blue 

<12 

40 

67 

20 

0 1 c c 20 

H,PO. 

Very famt blue 

32 

18 

68 

20 

0 o c c 20 , 

H,PO. 

Famt blue 

2 2 

22 

60 

20 

1 0 c c 20 

H,PO. 

Blue 

<12 

24 

70 

1 20 

2 0 c c 20 

H,PO, 

Blue 

<12 

24 

71 

, 20 

! 

1 1 

L 0 c c SO ,, 

H,PO. 

Blue 

<1 2 

30 


A olfs — (1) By ‘ Free Ij ’ is meant a solution of lodme m potassium iodide 

(2) Kahlbaum HySO^ and HjPO, were used. 

(3) The pH determmations were made by the glass eleetrode (Panharan, 1933) after 

the addition of two drops of one per cent solution of soluble starch ’ ' 

(4) The reecvery of iodine was determined by titration from the dnplicate solnticns 
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These results show that the colour of staich-iodide remains steady iieai the 
end-poiiit with a very faint blue tinge even after the addition of thiosulphate 
equivalent to 1y of iodine Theie is therefore an inevitable over-titration The 
staich-iodide colour increases with the concentiation of hydrogen ions 


Discussion of results of the experiments. 


It was found from experiments I (a) and I (b) that as much as 40 pei cent of 
the iodine could be lost diuing a prolonged incineration of two hours even though 
the temperature at winch the incineration was carried out was as low as 300°C 
Further, if the sample was not thoroughly incinerated then the lecovery was as 
low as 60 per cent or less The best results were obtained when the sample was 
incinerated free from organic matter at low lieat 

The results of experiment II («) show that as much as 0 iy mav be lost fiom 
1 Oy of added iodine, and as much asO 5y from 2 Oy of added iodine during incinera- 
tion As 0 4y and 0 6y can be taken as neail} equal, the loss is not a percentage 
one, but an absolute one depending on the amount of organic matter present From 
experiments II (6) and II (c) it is seen that the error during the process of extraction 
of the potassium iodide from the incinerated sample is nearly the same in the 
method of Fellenberg as m that of Leitch and Henderson wherein the potassium 
iodide is extracted with 95 per cent alcohol and filtered through a Whatman No 44 
Experiments II {d) and II (e) indicate that there is an appreciable retention 
of iodide by the filter-papers used in the methods of Hercus and Roberts (1927) 
and of Baumann and Nannette (1932) The results of experiment II (j) show 
that the loss of iodine mainly depends on the amount of smoke evolved— the 
greater the amount of smoke the greater is the loss In experiment II (/) as 
much as 5 c c of 10 per cent potash was used for every gramme of the iice-powder 
The loss of iodine is not theiefoie due to the want of alkali but is due to the 
liberation of smoke in which activated carbon in the form of a stable aerosol 
carries oS some KI 


From experiment III it is seen that the staich-iodide colour increases with 
the concentration of hydrogen ions resulting in a higher yield of iodine The pH 
should be at 2 2 in order that a satisfactory recovery of iodine may be made when 
the iodine content nr the phosphoric acid medium for titration is not less than 2 Oy 
per c c The end-point of staich-iodide being unsatisfactory, over-titration is 
found to be inevitable in most cases 


In all the micio-titiimetnc methods, except that of Hercus and Roberts 
(1925), a great amount of KI is added in order to liberate the iodine in acid mednm 
according to the reaction — 5 HI+HI 03=3 H 2 O+ 3 I 2 This method evident y 
increases the iodine content of a sample by six times but the sensitiveness of e 
method is masked by the contamination of iodine from the KI and the decomposi- 
tion of thiosulphate m acid medium The Kahlbaum sample of KI whic ac 
been heated in an an oven for seven hours at 110°C and then desiccated over nig 
was found to contain as much as 4y per c c of a freshly prepared 1( per cen 
solution of KI The amount of free iodine then increases on standing, turning t le 
solution yellow This is due to the fact that the solution of KI oxidizes in cue 
ciir with the formation of hypoiodite which in the presence of water libera es 0 
according to the ieaction-2 KIO-|-H20=2 KOH-fils Even solid Ki has a 
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teuileiicy to form KIO in the pm^utcf of sunlight, oi of tiaces of occluded oxidizing 
agents such as Cl, Br or atmosphenc ox^gen 

Secondly, the titration of iodine hi means of thiosulphate is made only in 
icid medium in which pait of the thio'-idphate is decomposed into sulphurdioxide, 
sulphur and polythioiiates The eoHoinal sulphiu formed in the medium from the 
dilute thiosulphate coagulates sIomK into a turbid state, though at the same time 
the decomposition of the thio-salt is ni no \va\ less The solution remains clear 
for 1 longer time m acid medium if diohol is idded because the sulphur solution 
IS more stable m alcoholic than in n)ueou-^ solution So the addition of amyl 
alcohol to sodium thiosulphate soliitioi. b\ Heiciis it al (1931) letiids the floccula- 
tion of sulphur from the dcconiposid Ihio salt in acid solution lather than stabilizes 
it luall thctitrimetncmethodsofniitio c'^timations of iodine factois are inyohed 
which are not al\\^^s cipable of idt<juite control Amongst them aie (1) the 
partial decomposition of sodium tliiosalphitc in acid medium , (2) the develop- 
ment of starch-iodide coloui lesultmu in i higher ieco\ ery of iodine atpH less than 
2 2, and the limitations of stuch iodide coloui at pH gieater than 2 2 These 
factors tend to mciease the maigin jf experimental erroi A\ hile determimng 
1-/ to 4y of I> Baumann and Naiinette add as much as CO 0 mg of KI, and for 
estimating oy to 30/ the' use up to 150 mg of KI to get 93 to 100 per cent recovery 
Allott, Dauphinee and Hurtlei (1932) in the estimation of 2y of I2 use 1,000 to 
2,000y of KI to get 99 to 101 per cent recoveiy It has also been determined by 
the latter workers that the addition of lonei amounts of KI gave lower yields and 
that higher amounts gai e highei a allies It is therefoie clear that 111 all the micro- 
titrimetric control experiments the addition of KI and the acid concentration 
are so manipulated as to liberate as much of iodine from the KI as loiighl} to 
neutralize the errors 

It was therefore found necessai} to improvise a colorimetiic method inw'hich 
the errors due to the liberation of smoke anti the piesence of reducing agents are 
eliminated or reduced to the miiiimiim The method is as follows — 

An improved method of iodine estimation 

The sample for analysis is lendeied alkaline Fats and oils should first be 
saponified with 10 per cent alcoholic potash, then evaporated to dryness 111 a 
porcelain basin and dissolved in hot watei Cereals and vegetables should be 
heated with alkali till a complete paste is obtained "Whatever the sample may be 
it should be converted into an easily workable form To such an alkaline solution 
7 per cent solution of KAInO^ is gradually added, and while stirring with a glass-rod 
the porcelain basin is heated over an asbestos protected flame hen the 
oxidization is complete and there is a slight excess of Ki\In04, absolute alcohol is 
added slowly till the excess of KMnOi is 1 educed It is then cooled and filtered 
quantitatively and the hydrated manganese dioxide removed The filtrate is 
then evaporated to dryness with a small amount of K2CO3 The residue which 
always contains some uon-oxidizable disintegration product, besides potassium 
lodate, is heated over a protected flame till charring takes place without the 
evolution of smoke'^' It is then heated slowly over a mild flame tdl the organic 

* Some amount o£ smoke 10 evolved from fats and oils at this stage — tht amount of smoke beinf* 
very much le^s than that m the usual incmeration method ° 
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mattei is disoiganized Duiing this process of heating all the lodate coming m 
contact with the finely divided carbon is reduced to iodide It is then. made 
into a paste and extracted and estimated as usual 

If dining incineration the charied mass lemains in a molten state due to an 
excess of potash, a requisite amount of KoCOs should be added to render the final 
product suitable foi alcoholic extraction 

T'oi the determination of iodine fiom pure KMnO^, 50 g of KMn 04 is taken, 
and aftei leduction with alcohol it is filtered quantitatively The filtrate is evap- 
orated in five nickel dishes after addition of 3 g of K 2 CO 3 to each dish Then 
before the evaporation is complete one gramme of sugar (there being no iodine in 
sugar) IS distributed amongst the five dishes The rest of the process remains the 
same In every determination the amount of iodine present in the KMn 04 used 
up IS subtracted in order to get the actual value 

A few control analj'Sis of urines have been made by this method and the results 
are given below ■■ — 


I 


Obaei 

ration 

number 

\ oiume Of 
uune taken 
in c 0 (rat’s 
urine) 

Iodine added 

1 '“y 

1 

1 1 

Iodine 
lecovered 
in y 

72 

25 

1 1 

1 00 ' 

08 

73 

25 

10 

1 6 

74 

25 

20 ' 

26 

75 

25 

1 0 

1 5 

76 

25 

15 

20 

77 

! 25 

1 1 0 

1 6 

78 

! 25 

' 1 5 

20 

79 

25 

30 

38 

SO 

25 i 

1 0 

) 

1 6 


These observations shov/ that the average recovery of iodine was 88 7 per cent 
The recovery was only 75 per cent w'hen 1 Oy of iodine was added, but it increased 
with increasing amount of iodine added, so much so that when 3y was added the 
recovery was quantitative It therefore appears that if samples weie so chosen as 
to contain between 1 Oy and 3 Oy of iodine the estimated values would represen 
88 7 per cent of what would be actually contained in the sample Attempts were 
made, as far as possible, to so choose samples as to contain 1 Oy to 3 Oy of iodine, 

and in such estimations the observed value was multiplied by Bnt with 

certain food-stufts containing very little iodine, a greater bulk had to be taken 
To avoid the tediousness of handling too large a bulk of the material, estmiations 
were made on convement samples and the results observed reported It shou e 
mentioned that such values are bound to be too low, especially as the error is 
considerable in estimations below ] Oy of iodine 

The following experiments were then carried out in order to 
recovery of iodine by both the old and the improved methods J n samp 
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yickliug less than 1 0 / of lodiue from tou’ cuieut samplesj ha^e been marked m 
askviiiif “) — 


Obatr 
\ itiou 
number 

3 impk 

Recoaerv b\ the 
improatd method 
(observed values) 

Kecoaerj bj 
the old method 
(observed values) 

61 1 

Unue Li 

-lb y per Litre 

32 y per litre 

s. ; 

» Lfj 

tj-1 ^ it 

48 y ,, 

SJ 

.. 

bO y jy 

43 y „ 

S4 

„ IJ, 

60 y „ 

40 y ,, 

35 

.. 


64 y „ 

Sb 

Tluroid solution imcin ot 4) 

X So y » 

1 75 y ,, 

37 

^blk (mean of 3) 

3») iX y yy 

16 2 y „ 

33 

Superior diet (toononr sto<.k 

!4 y per kg 

lb y per kg 


rata) 



39 

White flour 

oS y yy 

60 y 

90 

Unwaahed noo 

2S y , 

12 0 y 

91 

Ragt 

90 y 

16 0 y „ 

92 

Washed ritt 

lb y tt 

8 0 y ,, 

93 

Wheat flour 

24 y „ 

40 y , 

94 

Cod bver oil 

4,920 y per litre 

4,400 y per litre 

*95 

Cotton seed ofl 

1-0 y , 

0 y „ 

9G 

Grass (green) 

170 6 y per kg 

100 y per kg 

97 

Shorgum 

26 0 y „ 

16 y „ 

*9S 

Yeast 

so y 

4 y ,, 

99 

Orange juiio 

5 3 y per litre 

4 y per litre 

« 

o 

c 

Onion 

6 0 y per kg 

3 0 y per kg 

♦101 

Carrot 

9 0 y „ 

6 0 y „ 

102 

Butter 

27 6 y 

10 0 y 

*103 

Cabbage, luncriuost leaaes 

'If 7 y ,, 

6 0 y ,, 


(Mean of 5) 

84 y 


104 

Cabbage, outermost leaves 

54 7 y , 

4(1 0 y 


(Mean of G) 

6S9 y 


♦105 

Ground nut 

5 4 y ,, 

Trace (2 y per kg ) 

* 
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Comparing the results yielded by the two methods it is appaient that the 
estimated amounts by the improved method aie very much higher than those In 
the old method 

Summary. 

(1) Felleubeig’s method, as adopted by Newcomb and Sanhaiau has been 
staudaidizcd to give an optimum yield of iodine 

(2) It has been shown that the loss in the color unetiic methods of estimating 
iodine is mainly due to the evolution of smoke during the process of incineration 

(3) It has been shown also that various extianeous factors, incapable of 
adequate control, tend to introduce a high degree of eiioi into the titrimetric 
methods 

(4) An improvised method, which to a great extent eliminates the eiiois due 
to the evolution of smoke and reducing matter, has been described , the yield of 
iodine by this method amounts to 88 7 per cent of iodine content of the material 
analysed, and comparative data for the recovery of iodine both by the old and by 
the new method have been given 


In conclusion I desire to express my indebtedness to Colonel Sir Robert 
McCairison, Dr G Sanlraian and Mr S Ranganathan for then kind help and 
guidance duiing the course of this work 
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ConsiBERABi E quantities of naicotine are obtained as a bj -product in the 
manufacture of morphine At the request of the Central Board of Revenue, 
Government of India, attempts were made to make use of this alkaloid by 
converting it into such compounds as may have anti-malarial and anti-pyretic 
properties The details of the preparation of some of these derivatives have been 
already published by Ahluwaha, Kochhai and Ray (1932) In this paper it is 
proposed to give a brief account of their pharmacological action 

Action on protozoa — The effects produced by the hydrochlorides of the various 
condensation products of cotarmne were studied and compared Avith that of quinine 
hydrochloride The following tables give briefly the results obtained — 

Table I 

Showing the comparative effects of different dilutions of 2' i' diJiydroxy- 
phenyl-hydrocotarnine and quinine hydrochloi ide on Paramceciuni 

in 24 houis 


Dilution 

2' 4' dihydroiy 
pheuvl hydro 
cotarmne hjdro 
chloride 

Quinine hydro 
chloride 

1 

40,000 

All dead 

All dead 

1 

50 000 



1 

75,000 



1 

100 000 



1 

150,000 

20 per cent dead 

All alive 

1 

200 000 

All alive 

» 
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Table II 


Showing the compauUive effects of 2' 4' dihyihoxy-phemjl-cotaimne-hydiocllwnJe 

and guinine hydiochlotide in highei concent lalion on Paramcecium 


Conceatiatioii 
of the diug 
used 

tlOVl-MrNT BICOMhS SLOOGISH 

Death 

2' 4' ddiydio\y 
phenyl cotauiino 
hydrochloride 

Quinine hydro 
chloride 

2' 4' dihydiOAj 

phenyl cotarnine 
hydrochloiide 

Quimue hydro 
clilonde 

1 oOO 

At once 

At once 

At once 

At once 

1 1,000 


Less than a minute 

1 3 minutes 

0 6 minute 

1 2,000 

Less than a minute 

1 0 minute 

2-2 6 

1 3 minutes 

1 3,000 

1 0 minute 

1 5 minutes 

4 0 

2 0 „ 

1 4,000 

2 0 minutes 

3 0 

5-6 

3 5 „ 

1 8,000 

SO 

GO 

22 0 

10 0 „ 

1 16,000 

6 7 

ISO „ 

50 0 

28 33 „ 


Action on plain muscle — Intestine Tbe method of Magnus was employed, 
stiips of isolated pieces of intestine of the rabbit being used In strengths varying 
from 1 100,000 to 1 200,000, 2' 4' dihy^oxy-phenyl-hydrocotainine- 

hydrochloiide lowers the tone of the loneitiidmal muscle fibies and decreases 
the amplitude of contractions wheieas p-ethoxy-amino-phenyl-liydrocotarmne- 
hydrochloiide slightly augments both 

TJteius — Rabbit’s iiteius was used in these experiments, contraction produced 
by adrenaline being used for purposes of compaiison The obseivations of Kehret 
that cotarnine-hydrochloride inci eases the tone and contractions of isolated strips 
of both piegnant and non-piegnant uteius was confiimed It was found that 
2' 4' dibydioxy-phenyl-hydrocotainine-hydrochloride produced immediate 

contraction resembling adrenaline while cotarnine-hydrochloride is slow in action 
and is less powerful The uterus does not lelax immediately as it does after 
adrenaline P-ethoxy-amino-hydrocotarmne-hydrochloride m equal concentra- 
tions shows results similar to cotarnine-hydrochloride 

Circulation and lespiiation — The effect on the caidiac muscle was studied on 
intact and isolated frog’s heart Cotarnine-hydrochloride in concentrations of 
1 10,000 to ] 50,000 produced giadual increase in the amplitude of the beait- 

beats without affecting its frequency 2' 4' dihydroxy-phenyl-hydrocotarnine- 

hydrochlonde in similar dilutions produced diastolic dilatation with decrease o 
amplitude of the beats The heart is slowed at fii st followed later by impmrinen o 
conduction of impulses resulting in partial or complete heart block I-e 
amino-phenyl-cotarmne-hydrochloride resembles cotainine-hydrochloricle in i 
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actiou OQ the c iidi ic muscle, but its icti3 \ is moie maiked, both s} stole and diastole 
being increised 

The compaiative action of these duins and cotarnine-hydrochloride on the 
circulation and respintiou was studied lu < its and dogs It was found that 1 mg 
to 8 mg of 2' 4' dill) dro\} -pliein 1 (.0 i' i ine-h\diochloride injected intra\enously 

produced a slight fall in blood-pi< s- >i and incieised respiratory movements 
Both the respiration iiid blood-pit' u liOwe\ei cpiickly letuin to normal 
P-etho\}-amino-phen}l-hydioiotain i -!i\ ilrot blonde aird cotarnine-hydrochlorrde 
resemble eaeh other in then rction oi' l •> i iiculation They both produce variable 
changes in blood-pressure sometinit ' '' _lit momentarr fall and at other times a 

slight momentar} rise 

Hamoly^ii — The lia;nroh tic rct'< i.s of cotainine-hydrochloride, 2' 4' 

dihydroxy-cotarnine-h-\drochloiide a ' p-etho\} -amino-phenyl-hydrocotarmne- 
h} dxochloride were studied on washed > d-blood corpuscles of rabbits suspended 
in a buffered Ringer solution with pH of 7-2 Qmnine h}drochloride and sapomn 
were used as control It was found th< r cctaimne-lrydrochloiide had no hsemolytic 
actiou in one hour in concentration of 1 250, whereas 2' 4' dihydroxy-phenyl- 

cotarnme-hydrochloride produced complete hsemolysis of red-blood corpuscles in 
five mmutes in a concentration of 1 25o and partial hiemolysis in five minutes in 
a concentration of 1 500 P-ethox^ -amino-phenyl-hydrocotarmne-hydrochloride 

produced in a concentration of 1 250 an incomplete haimolysis m five minutes 

and complete haemolysis in ten minutes In 1 500 it produced only incomplete 

haemolysis in ten minutes 

Anli-pyretic action — The anti-pyretic effects of cotarmne-hydrochloride, 2' 4' 
dihydro\y-phenyl-hydrocotarniue-h% drocbloride and p-ethovy-amino-phenyl-hydro- 
cotarmne-hydrochloride were studied b\ producing expeiimental pyrexia in 
rabbits by Kihone’s method This consists briefly m mjecting hypodermically 
4 5 c c of a broth culture of Bacillus cob communis which has been grown for four 
days, and then killed by heatmg to 65’C for one hour Pive rabbits marked A, 
B, C, D and E were placed in cages and fed on a diet of green grass and grains, and 
were given plenty of water to drink Dailv records of the rectal temperature were 
taken during the day at three-hourlv intervals for four days before producing 
pyrexia by injecting B coli vaceme The routine of the experiment was as 
follows The normal temperature of the labbits was taken at 9-30 a m and after 
I 5 c c of vaceme was injected subcutaneously the temperature was taken every 
half hour The drug to be tested and the control quimne hydrochloride were 
injected after the temperature had remained constant at least for one horn 

The subsequent set of observations were made at a weekly mterval Drugs 
were given m rotation to ebmmate the source of error due to individual variation 
in the animal used It was found that both 2' 4' dihydroxy-phenyl-hydro- 
cotarmne-hydrochloride and p-ethoxy-ammo-phenyl-hydrocotarmne-hydrochloride 
are better anti-pyretics than cotarmne hydrochloride 2' 4' dihydroxy-phenyl- 
hydxocotarmne-hydrochloride is slightly better anti-pyretic than p-ethoxy-amino- 
phenyl-hydrocotarmne-hydrochloride, but neither of the drugs are as potent 
as quinine hydrochloride 

Toxicity — ^The minimum lethal dose of 2' 4' dihydroxy-phenyl-hydrocotar- 

ame-hydrochloride and p-ethoxy-anuno-phenyl-cotamine-hydrochloride were 
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determined on flogs and compaied witb that of cotarmne-hydrochloride The 
dings were injected in the vential lymph sac of the frogs Care was taken to 
piepaie a fresh solution every time Lethal doses for frog were as follows 
Cotaimne-hydrochloiide 150 mg per kilo body-weight, 2' i' dihydroxy-phenvl- 
hydrocotarmne-hydrochloiidc 250 mg pei kilo body-weight p-ethox)'-ammo ' 
phenyl-cotarnme-hydrochloiide 200 mg per kilo body-w'eight 

The symptoms produced by injecting 2' 4' dihydroxy-pheii} l-cot'> . 

Iiydiochloride and p-ethoxy-amino-pheii}l-cotarnine-hydiochloride in the lynip 
sac of fiogs are inco-ordinatioii of movement, followed by paialysis and cessatio 
of movements The frogs lay on their abdomen with limbs fully relaxed Th 
lespnation failed next, but the heart continued beating for a long tune F ■ 
piessuie on the toe produced a geneialized response m the form of twitclun 
of the lower extremities instead of the usual local response Direct electi 
Luuiilation of the muscles caused then contraction even after the circiilati 
had ceased 

These symptoms aie quite comparable wuth those of cotaimne-h}drochlorii 
From an analysis of the symptoms desciibed above it can safely be assumed 1 
these drugs produced piogiessive depression of the central nervous system fri' 
above downwards The exaggerated reflex, as shown by twitchmgs of the le^ 
and the body muscles by applying firm pressure on the toe, may either b 
due to slight stimulation of the spinal cord oi due to release action of tl 
cerebrum We are inclined to believe that this is due to its stimulation e 
the spinal cord It has not been ascertained whether the effect is on 1 
nsoiy 01 on the motoi side of the cord 


SUjMMARY 

The pharmacological actions of ceitaiii condensation pioducts of narcotin 
with various phenols have been studied 

These compounds are toxic to the Paiamceciim 2' 4' dihydioxy-pheiijl- 

hydiocotainine-hydrochloride aiiests the movements of Pajamcecium caudalim 
sooner than quinine hj’drochloiide does The killing tmie, lion ever, is longer 
than quinine 

The plain muscle of the intestines is definitely depressed by these compounds , 
in concentration larying fiom 1 in 100,000 to 1 in 200,000 One member of the 
senes, p-ethoxy-amino-phenyl-hydrocotaimne-hydrochlonde, slightly augments 
the tone The contraction and tone of the musculature of both the pregnant 
and non-piegnant uteri aie increased slightly with almost all the members of 
the series 

The blood-pressure falls as a lesult of intravenous injection of these drugs 
This has been shown to be due mainly to the depressant action on the cardiac 
musculature The respiratory movements are slightly increased 

The haemolytic action has also been studied on rabbits’ blood corpuscles 

Some cotainme derivatives like 2' 4' dihydroxy-phenyl-cotarmne-hydiochlonde 

produce complete hsemolysis m 5 minutes in a concentration of 1 in 250 The 
other compounds of the series produce only an incomplete hsemolysis 
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The anti-pyretic effects also vary ’nith the different compounds 2' 4' 
dihydroxy-phenyl-hydrocotarnme-hydrochloride has been shoivn to be a slightly 
better anti-pyretic than p-ethoxy-ammo-phenyl-hydrocotarnine-hydrochloride 
The drugs of this senes, however, are much w eater than quinine The minimum 
lethal dose in frogs is from 200 mg to 250 mg per kilo bodj -weight so that 
these compounds are not very toxic 
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Ix tbe course of evidence before tbe Opium Commission (1895) it was stated 
that opium had marked anti-malarial properties Sir IVilham Robert, the medical 
member of the Commission, suggested that of the two abundant alkaloids of 
opium, morphia represented the anodyne and hypnotic properties of the drug, and 
narcotme was the bitter crystalline alkaloid resembhng qiunine and like that sub- 
stance possessed tome and anti-periodic properties Previously Palmer (1857- 
1859) had treated a large number of cases of malaria with narcotme and reported 
successful results Later Gordon confirmed the results obtained by Palmer and 
asserted that narcotme was a good anti-periodic and cured cases of malaria m which 
quinme had failed After this work narcotme, bemg cheap and easily available 
as a by-product m the manufacture of morphine, was in great demand and was 
regularly suppbed from the Government factories "W'lth the mcreased production 
of cinchona alkaloids from the Government plantations and factories, however, 
the demand for narcotme gradually decreased, although its reputation as an 
anti-periodic persisted 

Chopra and Knovles (1930) carefully studied the action of narcotme on a 
series of patients suSermg from different types of malaria and came to the conclu- 
sion that the drug had neither prophylactic nor curative effect in this disease It 

{ 255 ) 
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has, howevei, been maiutaineci in some qnarteis that though narcotine itself may 
not have anti-malaxial action, some of its deiivatives may develop it If this turned 
out to be tiuc, it would be possible to use large quantities of this alkaloid obtained 
during the manufactiue of morphine and codeine, which are at present being wasted 
Accordingly a series of compounds weie picpared by Ahluwalia, Kochhar and Ray 
(1932) at the University Chemical Laboratories, Lahore, by oxidizing naicotine to 
cotarmne and later condensing cotarmne with phenols like phloroglucinol, pyrogallol 
and resorcinol The pharmacological action and anti-malarial properties of one 
of these compounds 2 4-diliydroxy-phenyl-hydiocotainine, also known as anhydro- 
cotarnme-iesorcinol compound, ivere investigated by the present authors 

This compound is a dull -white ciystallme powdei, sparingly soluble in water 
Solutions in water are slightly acid having a pH ranging between 7 4 and 7 6 , 
they are quite stable and do not change by keeping foi two oi three days or 
longer 

PJiai macologtcal action — The pharmacological action of this compound closely 
resembles narcotine as woiked out by Chopra, Midcherjee and Dikshit (1930) It 
IS not necessary, therefore, to describe it in detail 

Action on Paiammcium caudatum — ^Anhydiocotarnine-resorcinol-hydrochlo- 
ride IS fanly toxic to lowei forms of life In concentrations ranging from 1 in 6,000 
to 1 in 10,000 the movements of Paianmciinn arc considerably slowed withm 5-7 
nainutes and death occuis within half an hour Weaker dilutions do not produce 
any appreciable effects Quimne hydrochloride in similar concentrations is shghtly 
more toxic 

Local action — Solutions of the compound have no iriitant effect on the skm 
A 1 to 2 per cent solution instilled into the eye of a labbit does not produce any 
marked local irritation of the conjunctiva The drug is fanly readily absorbed 
and injection of a 2 per cent solution into the thigh muscles of a cat does not set up 
local reaction in form of congestion, oedema or necrosis of the tissues 

Alimentaiy tract — ^The peristaltic movements of the small mtestme recorded 
with Jackson’s enterograph show a definite and well-marked inlubition This, 
however, is a temporary effect and the movements become active again Isolated 
pieces of the ileum perfused in a uterine bath show a defimte inhibition in con- 
centrations langing from 1 in 100,000 to 1 in 200,000 

Respiratory system — The respiratory movements in the cat under urethane 
anassthesia are definitely stimulated, both the amplitude and frequency being 
increased after intravenous injections of 10 mg to 16 mg This effect is 
probably due to stimulation of the respiratory centre similar to that produced by 
narcotine 

Giiculatory system — Intravenous injections of 5 mg to 15 mg of the diug, 
in cats under chloralose anaesthesia, show a fall of systemic blood-pressure varying 
between 15 mm to 20 mm of mercury This fall is usually of a short duration 
and IS followed by a rise of the pressure slightly above normal level Smaller 
doses may produce little or no fall in blood-pressure, but with 20 mg m more 
irregularities in the blood-pressure curve are frequently observed Inis is 
nrobably due to spasmodic contractions of the diaphragm produced by the action 
of the drug on the respiratory centre The fall in systemic blood-pressure appears 
to be mainly due to dilatation of the vessels of the splanchmc area is 
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sliown by the fact that there is a considerable increase m the volume of such 
organs as the intestines, spleen, kidneys, etc 

The heart — 0 5 mg to 1 mg of the drug given mtiahepatically or by mjec- 
tions into the lymph sacs of pithed frogs produce a defimte slowmg of the heart- 
beats with a shgEt lueiease m then amplitude This action takes some time 
before it manifests itself 

On the mammalian heart in !,itu (rabbits and cats) a shght stimulation of both 
the auricles and the ventricles is pioduced with such doses as 10 mg to 16 mg 
given mtravenously A shght depressant effect is observed on the isolated hearts 
in concentrations rangmg from 1 m 30 000 to 1 in 50,000 

Central nerious system — The action of anliydrocotarmne-resorcmol-hydro- 
chloride on the nervous system closely resembles that of narcotine, the hypnotic 
and sedative effects being slight Like that alkaloid this compound appears to 
depress the algesic areas in man, the sensibdity to pain bemg decidedly decreased 
Malarial patients to whom the drug was admimstered felt more comfortable and 
showed a tendency to drowsiness and sleep 

Genito-unnary system — The virgin uterus of a cat tn situ shows a shght stimu- 
lation after an intravenous injection of 10 mg to 15 mg of the compound The 
rhjrthmic contractions of the isolated virgm uterus of a cat, however, do not show 
any appreciable changes in concentrations up to 1 in 50,000 Cotarnme-hydro- 
chlor m similar concentrations has a more powerful stimulant effect on the 
uterus The automatic movements of the bladder in situ are sbghtly inhibited m 
doses of 10 mg to 15 mg intravenously 

Voluntary muscles — The drag appears to have no effect on the voluntary 
muscle m cold-blooded ammals The contractions of the gastrocnemius of the frog 
in a muscle-trough showed no changes when stimulated ivith make and break 
shocks from an mduction coil 

Toxicity — The compound is only dightly toxic The minimum lethal dose 
in the frog by injection into the dorsal IjTuph sac IS 2 g per kilo body-weight The 
lethal dose m the cat vaiics between 1 5 g to 2 0 g pei kilo body-v eight 


Chemotherapeutic studies on monley malaria 

The study of the effect of drugs on malaiial parasites has hitherto been attended 
with many diffieulties in this country The drugs with unknown action cannot be 
tried in human patients and workers in the "West resorted to trials on bird malaria 
Here again difficulties are encountered Firstly, the licemoproteus of birds cannot 
be compared n ith the malarial parasites of man, and secondly, canaries are very 
expensive and it is difficult to keep sparrows alive in captmty "With a view to 
obviate these difficulties and to obtain a suitable laboratory animal for experimen- 
tation, attempts have been made at the School for some lears past to produce 
malaria in a smtable experimental animal In July 1931, one of us (H 6 M C ) 
found an extremely scanty infection of a plasmodium in a Circopithecus pygerythrus 
(now designated as Macaca ira) monkey from Singapore which resembled in certain 
respects the Plasmodium viiax parasite found in man This infection can be 
commumcated to the common Indian monkey, Macaciis ihesus (now known as 
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Macaca mulatta), cand Knowles and Das Gupta (1932) have made extensive studies 
in this connection This parasite, although it pioduces a mild type of disease 
in CDCopithecus 'pygoythus {31 ^)a), pioduces a virulent type of infection m 
3Iacacus iliesus {31 mulatta) which behaves to anti-malarial remedies, such as 
quinine, in much the same way as the parasites found in man A suitable means 
of testing the cliemotheiapeutic eftects of anti-malaiial drugs has thus been 
made available 

The anti-malarial properties of anhvdrocotainine-resorcinol-hydrochloride 
were thus studied, Macacus ihesus {31 mulatta) infected with malaria being used 
for the fiist time for this puipose The incubation period in this animal varies from 
5 to 12 days from the date of inoculation according to the severity of the infection 
Blood smeais were exammed every day and as soon as rings and schizonts were 
observed in the peripheral blood, the drug was administered in doses rangmg 
from 3 to 5 grains The axillary temperature was also recorded to note if the 
drug has got any anti-pyietic piopeity The following is the detail of these 
expeiiments — 

Monkey I — 6th. April, 1932 — A Macacua rhesus (M mulaita) moiiLey was inoculated with 0 3 c c 
of blood from an infected Gercopiihecus 2 >ygerylhrus (J/ xra) 7th April, 1932 to 13th April, 1932 —No 
parasites seen in blood film 14tli April, 1932 — ^Thc monkey looked ill, lefused plantams and other 
food , temperatuio 104 5°F , blood him contained rings and schwonts, 3 to 4 in each field 
16th Aprd, 1932 — The monkey looked very pale and restless , refused food , blood film showed heavy 
infection with rings, growing trophozoites and schizonts , 3 giains of the compound dissolved m 
water were injected in the muscles of the buttock 16th April, 1932 — The monkey looked very ill, 
pallor of the face marked , blood film showed 60 to 70 parasites per field , a second dose of 3 grains 
was given intramuscularly but the ammal died No hiemoglobmuna was observed Post mortem — 
The liver and the spleen slightly enlarged and veiy congested , bladder empty and contracted , other 
organs normal 

Monkey II — A 3Iacams iliesus {M mulaita) monkey was inoculated with infected blood from a 
Ccrcopithecus pygerylhius {M tra) on 6th April, 1932 6th April, 1932 to 16th Aprd, 1932 — No 
parasites seen in peripheral blood 17th Apid, 1932 — One schizont in each field 18th Apiil, 
1932 — 4 grains of aiiiiydiocotarnine lesoicinol hydrochloride were given intramuscularly, but the 
parasites went on increasing 19th Aprd, 1932 — 6 grains of the compound weie given again but the 
parasites increased to 70 — 100 per field , pale porter colour urine was passed in the afternoon 
20th Aprd, 1932 — The animal died during the night 

Monkey III — A Macacus rhesus {M mulaita) inoculated with 2 drops of blood m citrated sahne 
from monkey II just before death 20th Apiil, 1932 to 26th Aprd, 1932 — No parasites seen 
27th April, 1932 — 2 growing trophozoites m each field 28th Aprd, 1932 — Examination of the blood 
showed rings and growing trophozoites and schizonts in fair numbers 4 grains of the compound 
were given intramuscularly 29th Aprd, 1932 — 4 grains moie of the drug injected but the parasites 
increased lapidly to 266,000 per cm as counted against red blood cells 30th April, 1932 — An 
injection of quinine bihydrochloride was given in the morning and this produced a remarkable decrease 
in the number of parasites in the blood ei.amined in the afternoon The animal, however, (bed during 
the mght Post mortem — Liver and spleen congested Hsemorrhagic patches m the peritoneum 
and pleura 

Monl ey IV — A Macacus rhesus [M mulntia) inoculated with blood from monkey in on 
30th April, 1932 30th Aprd, 1932 to 7th May, 1932 —No parasites seen 8th May, 1932 -2-4 rings 
in each field and a few schizonts Intramuscular injection of 4 grains of the compound given 
9th May, 1932 — Blood showed parasites multiplying A further intiamuscular injection of 4 grains 
was given but the monkey died during night of 9th May, 1932 No hsemoglobinuna occurred 
Post mortem — Liver and spleen congested Hiemorrhagic patches m the peritoneum 

Monkey V — A Macacus rhesus {M mulatta) moculated with blood from monkey IV on 
10th May, 1932 16th May, 1932 to 18th May, 1932— No parasites seen 16th May, 1932 — une 
schizont seen in every field Monkey looking well and taking food well 17th May, 193- Earasite 
found in the blood film, maturing forms fairly numerous 6 grains of the compound were 8'^® 
mtramuscularly 18th May, 1932 —Parasites increased rapidly, 200,000 parasite (maturing tornisj 
bemg present per c cm of blood The animal looked very pale, anaimic Died at pm 
18th May, 1932 
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It IS e\icleiit from the above that anhydrocotarmne-resorcmol-hydrochloride 
has no effect in monkey malain The growth of parasites remained unhindered 
and all the anmials died Quinine in smallei doses administered at about the same 
time m the course of the disease stops the multiplication of parasites and the animals 
usually recover The temperature, both axillary and rectal, showed a shght dimi- 
nution in the monke} s follou mg tlie injection of the drug but this was not a constant 
feature In these annuals the heat-regulating mechanism does not appear to be as 
well del eloped as in man and changes m temperature are observed with even mild 
excitements Any estimate of the anti-pj. retie effect of a drug from a variation in 
the temperature of a monkev is therefore likely to be fallacious 


Human malana 

The drug was also tried in 3 patients suffering from malaria in the Carmichael 
Hospital for Tropical Diseases As it produced no effect whatsoever either 
on the parasites in the blood or the svmptoms of the disease, further trials were 
considered unnecessary The details of these cases are given below — 

Case, 1 — The patient naa adnatted with history of fever with rigors Blood film showed 
malignant tertian rings and the temperature rose to 102°F dimng the course of the day A parasite 
count showed 24 400 malignant tertian rings per c mm of blood and 1,200 crescents Anhydrocotamme 
resorcinol hydrochlonde in three gram doses was admuustered for three dajs and on the fourth day 
five grains were given twice daily but the parasites, both sexual and asexual forms, still persisted On 
the sixth day qumine sulphate w a» given m ten gram doses twice daily On the seventh day the 
temperature came down to normal and sexual parasites completely isappeared from the blood, 
though the crescents persisted in smaller numbers 

Case II — A patient suffering from mahgnant tertian malana showed a large number of parasites 
in the blood The patient was given anhvdrocotamme resoremol hj droohlonde m five gram 
doses thrice daily for five davs blood bemg exammed daily The temperature came down to 
101°F after the first powder but varied between 101°F to 102°F during the five days that 
he was under treatment The parasite persisted in the penpberal blood m increasing numbers The 
patient was then put on 10 giains of quinine twice daily The temperature subsided the next 
day and the peripheral blood showed no parasites on the third day 

Case III — ^This patient showed a mixed infection with bemgn tertian and mahgnant tertian 
parasites He was at once put on to anhydrocotamme resoremol hydrochloride, five grains three 
times a day for four davs On the third day a thick film stiU showed the presence of parasites At 
the end of the fourth day, the parasites still persisted The patient was then put on plasmoqmne 
compound tablets The parasites decreased m numbers and the patient’s condition improved The 
blood was free fiom parasites in four days and the patient made a recov ery 


SuMJIARY AND CONCLUSIONS 

Anliydrocotarmne-resorcmol-hyclxochloride is a dull white crystalline powder 
sparingly soluble in water It is readily absorbed from the site of injection , after 
intramuscular injection no marked local reaction is produced 

The pharmacological action and toxicity of the compound have been worked 
out Paramcecium caudatum is killed in very much the same concentrations as 
quimne It has a slight depressant action on the heart and circulation , the 
respiration in experimental anunals is stimulated The plain muscle of the intestines 
and bladder is relaxed The stunulatmg action on the uterine contractions is much 
weaker than cotarrune Like narcotme it depresses the algesic areas of the brain 
This compound has been tried in Macacus rhesus [M mulatta) monkeys infected 
with ‘ monkey malaria ’ It has no effect whatever either on the growth of para- 
sites 01 symptoms produced by the disease 
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In tliree human patients suffering from malaria, anhydrocotarmne- 
resoicinol-hydiochloride failed to produce any amelioration of the symptoms or 
diminution in the number of parasites in the peripheral blood It appears to 
have no anti-malaiial action whatcvei 
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Rattwolfia serpentina (SynoDym — Opliioxyloii sQ^'pQUtDiUM, liiiiii Roxb ), 
N 0 Apocijanacece, is a small erect glabrous shrub about one and half to three 
feet in heif^ht, bearmg white or pinkish flowers It generally ^thris es in a rich 
sod It is°known by the name of ‘ sarpagandha ’ in Sanskrit, ‘ chota-chand ’ in 
Hindi, ‘ Chandra ’ or ‘ chota-chand ’ in Bengah , ‘ dhan baiua ’ or ‘ dhan marua ’ 
in Bihari , ‘ chandra ‘ chota-chand ‘ karavi ’ or ‘ harkai ’ in Bombay , ‘ harkaya ’ 
in Marhatti , ‘ atalagandhi ’ or ‘ patala garuda ’ in Telugu , ‘ chuvana-avilpori ’ 
in Malay It <rrows qmte abundantly in the tropical Himalayas along the foot of 
the hills from Moradabad to Sikkun In Assam, Pegu and Tenasserun it is found 
at an altitude of about 4,000 feet Rauicoljia serpentina is also found to grow wild 
along the Eastern and M’^estern Ghat ranges In some of the noithern districts of 
Bihar and m Patna and Bhagalpur, it is found in abundance and is popularly known 
in the bazaar as ‘ pagla-ka-dawa ’ (insamty herb) 

Medicinal use — The roots, the leaves and the juice have been considered of 
medicinal importance from the very early times and have attracted the attention 
of the Indian and Malayan physicians Horsefield {Asiatic Jour , 8) thought that 
the mfusion of the root is of considerable therapeutic potencj It is employed as 

( 261 ) 



262 Pliaimacolog%cal Action of Raiiwolfia serpentina, Bentli 

an anthelmintic in Java According to Eanmphius, the juice of the leaves was 
extensively used m India and Java as a remedy for opacity of cornea The root 
was also used m case of bites of poisonous snakes and insects, both internally in 
the form of infusion and decoction and externally in the foim of a paste Dymock 
states that most of the people of the laboiuing classes who come to Bombay from 
southern Concau know the beneficial eftects produced by the root m all forms of 
bowel complaints It has fiequently been prescribed in diarrhoea and dysentery 
In cases of cholera the loot is combined with the loot of Aiistoloclna inAica , in colic 
and dysentery, one pait of Ramvolfia seipeniina root with two parts of Eolanhem 
antidysentenca root and three parts aiJalioflia cuicas are given in milk, and if there 
IS fever it IS given in combination with the lOot of Androgi aphis, ginger and black 
salt The dose in each case is fiom 3 to 4 tolas It was also supposed to mciease 
the contractions of the uterus dining childbuth and earned a reputation as an 
ecbolic The interest in the drug has lecently been stimulated on account of its 
well-marked hypnotic and sedative properties No mention of these properties 
occuis in the old liteiature on Indian medicinal plants The hypnotic and sedative 
action of the drug, however, appears to have been known to the poorer classes in 
Bihar and the piactice of putting chilclien to sleep by this drug is stated to be 
still present m ceitam parts of that province 

Cheimspy o/ Kauwolfia — The investigation into the chemical composition of 
the root has been carried out by a number of workers Bettink (1888) carried out 
an analysis of the root and found a ciystalhne body related to juglone but no alkaloid 
Later Erykman discovered an alkaloid in the root of an Indian species of the plant 
Greshoff (18901 isolated a principle which gave all the reactions of an alkaloid 
Dymock (1895) carried out an elaborate investigation into the chemical nature of 
the root and detected the presence of an alkaloid Kecently the root has been 
le-examined by a number of workers Sen and Bose (1931) have found two alka- 
loids in the root with different melting points The quantity of the total alkaloids 
has been estimated to be fairly high, amounting to about one per cent of the dried 
roots The root also contains a lot of resm and starch and, when incinerated, 
leaves about eight per cent of ash consisting mainly of potassiinn carbonate, 
phosphate, sihcate and traces of non and manganese 

Siddiqui and Siddiqui (1931) have found five new alkaloids to which they 
have given special names, as follows — 

Group A — Ajmaline group, consists of three white crystalline weak bases 



MeltJDg point. 
Centigrade 

Percentage 

1 A]malme . 

168“-! 60“ 

0 1 

2 Ajmaluune 

180“-181“ 

0 06 

3 Ajwalicune 

260“-252“ 

0 02 
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Group B — Serpentine gionp — t\AO blight yellow crystalline stronger bases 



1111(112 pomt, 

( noi^ride 

Percentage 

1 Serpentine j 

, .S -151“ 

0 OS 

2 Serpentimne 

•6>'-2rj5° 

(tiecompoies) 0 08 


Other constituents identified are fii) a phytosterol, (6) oleic acid, and (c) 
unsaturated alcohols of foi inula 

van Italhe and Steenhauer (1932) mention the presence of at least three 
loids, the nature and identity of thc^e being more oi less the same as foimd by 
Siddiqui and Siddiqui The other constituents are a fatty od, a phytosterol, glucose, 
sucrose, fumaiic acid, a compound similai m nature to an oxymethylanthraqumone 
derivative and a stronglj fluorescent substance 

As a result of the i\ork carried out m the Department of Chemistry, School of 
Tropical Medicine, Calcutta, an alkaloidal base has been isolated from the root in a 
pure condition The process of extraction of the alkaloid was carried out as 
follows The powdered root was extiacted with rectified spirit, the alcohol 
distilled off, the residue extracted with hot acidulated (HCl) water tdl the alkaloicl 
was completely removed The acidulated solution was cooled with ice and treated 
with petroleum ether for the removal of oily substances The solution was then 
neutrabzed with caustic soda, filteied and then taken up with chloroform e 
cLIoroform extract was then coucentiated and acidulated with dilute hydroc oric 
acid Erom this solution the total alkaloids present were precipitated with dilute 
caustic soda, washed and diied The total base was further purified for pharma- 
cological experiments A quantity of an alkaloid hydrochloride was isolated 
from the total base and it corresponded to the one described by Siddiqm as 
a]maline hydrochloride The hydiochloride crystallized m boat-shaped needles 
and melted at 135°C It is soluble m hot water but only slightly m cold and has 
a bitter taste 

More recently Siddiqui and Siddiqm (1932) have revised their work on 
some of the alkaloids isolated by them and have suggested some modifications 
in their formulae 


ExperimeivTal 

The alkaloid used in oiu experiment wms isolated m our laboratory It was a 
duff browmsh-yellow cr} stallme substance, sparingly soluble in water A one per 
cent solution was used in the majoiity of our experiments This formed a clear, 
pale straw-yellow solution w'hich did not show any change on keepmg for three 
to four days in the ordmaiy room temperature 
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Action on Paiamoociuin caudatum —The effect of the alkaloid has been studied 
on lowei foims of life like Pcuamceciuni caudahm Table I shows the effect of the 
difteieiit dilutions of the alkaloid — 

IkvBLE I 

Action oj alJuiloid of K seipentina on P caudatiun 


Dilution of alkiiloiil 
iibccl 

Movement becomes 
sluggish Time 

Death Time 

I in 200 

At oiiec 

At once 

1 in 500 


j minute 

1 in 1,000 

I minute 

1 „ 

1 in 4,000 

2 mimitcs 

4 minutes 

1 in 8,000 

[ 

6 „ 

1 in 10,000 

1 

8 „ 

20 „ (60 per cent) 



25 „ (all) 

1 m 20,000 

10 ., 

23 „ (40 per tent) 



1 hour, (all) 

1 111 40,000 

-10 „ 

1 hour 20 minutes 



(40 per cent) 

I in 50,000 

No effect 

No effect in 4A hours 


A perusal of the above table will show that the alkaloid is definitely toxic in a 
dilution up to 1 in 20,000 

Toxicity — Numeious experiments weie performed on different species of 
animals to deteimine the lethality and the maximum tolerated dose The results 
aic given in Table 11 

It will be seen fiom Table II that the toxicity of the alkaloid vanes within 
wide limits in different animals Veiy large doses aie tolerated by the frogs (Bnfo 
melanoshcus), while Ihe lethal dose foi white mice (Kasauli strain) is compara- 
tively low both by the intiapentoneal and the intravenous route A hypodeimic 
dose of 0 15 g (150 mg ) is peifectly tolerated by the guinea-pigs and cats, while an 
intravenous or intiapentoneal injection of less than half the quantity is found to be 
definitely lethal The unusual diffeience in activity of intrapentoneal and intra- 
venous as compaied with subcutaneous injections might be explained by an 
unusually slow’' absorption from the subcutaneous tissues A dose of 25 mg to 
SO mg pel kilo body-w’^cight is tolerated whether given intrapeiitoneally or 
vutiaveuously in wmim-bloocled animals and should therefore be looked upon as 
Ik maximum tolerated dose 



MclUl toxicity of ulhuloid of K stiiJDitiD.i 
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Local effects One pei cent solution of the alkaloid instilled into the eyes of a 
rabbit does not pioduce aniesthesia of cornea nor has it any effect on the pupil 
Subcutaneous and intiainusculai injections of one to two per cent solution do not 
give rise to any signs of local nutation 

AlimenUuy system — The effect of the alkaloid on the intestines in situ was 
studied by Jackson’s enteiogiaph on cats undei chloralose anaesthesia After an 
injection of 5 mg of the alkaloid into the femoial vein there is a distinct stimulation 
of both the tonus and the peristaltic movements , a summation or additive effect 
IS sometimes obtained when another injection is given on the top of the first injec- 
tion With 10 mg the mo^ements become much more marked (Giaph II, 
fig 10) This effect is still elicited if the vagal nerve-enebngs are paialysed 
with atropine, showing that the vagus does not play any active part in the 
pioduction of the effect 

The effect of the aUcaloid on isolated pieces of cat’s mtestme was studied in 
Dale’s uterine bath, oxygenated Fleisch’s solution at pH 7 4 and tempeiature 37 5°C 
being used for peifusion In dilutions of 1-50,000 to 1-25,000, the tone of the 
musculature as well as the pendulum movements are defimtely mcieased (Graph II, 
fig 8) This increase in the movements is fairly steady and continuous and is 
generally maintained fiom 10 to 15 minutes 

Respiiatory system — ^After 0 5 mg of the alkaloid is given intravenously, 
little if any change is produced in the lespuatory movements, though sometimes 
slight imtial stimulation is observed With largei doses, i e , 5 mg to 10 mg and 
upwards, there is slowing of the rate as well as depth of lespiration (Graph I, figs I 
and 2) This phenomenon is still observed after the vagal neive-endmgs have been 
paralysed with atropine, and theiefoie it is probable that depression of the respira- 
tory centre in the medulla plays some pait in its causation That the alkaloid has 
a sedative action on the respiratory centie is evident from the fact that when a 
small dose of the drug is injected directly into the cisteina cerebello-meduUaris the 
animal shows signs of immediate failure of respiration while the vasomotor centre 
remains unaffected 

The action of the drug on the bronchioles was tested by recording the intra- 
pleural pressure by means of a canula introduced through the ribs into the pleural 
cavity The animals were kept under artificial respiration from a mechanical 
pmnp with regulated number of strokes per mmute, so arranged that the quantity 
of air pumped into the lungs remained quite constant The alkaloid of seipeniina 
in 5 mg doses does not pioduce any appreciable change in the intra-pleural pressure 
With toxic doses certam changes are observed which are probably due to deficient 
air entry mto the lungs on account of the depression of the respiratory centre 


Circulatory system Effeet on systemic blood-pi essuie — Injection of 5 mg of 
the alkaloid into the femoral vein produces, in the majority of animals, a fall of the 
carotid blood-pressure, varying from 10 to 15 mm of Hg, within five seconds of 
admmistration This faU in pressure is mamtamed for a considerable time and the 
blood-pressure rarelv resumes its farmer level AYith increasing dosage, e g , 7 5 mg 
to 10 mg , this fall in pressure becomes moie marked and there is distinct slowng 
of the heart-beats (Graph I, figs 2 and 5, and Graph II, figs 7 and 10) men 
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large doses are injected the fall m pressure may amoimt to 50 mm of mercnrv 
before collapse occurs and death supervenes Rarely this lall in blood-pressure 
may be sbght and e\en a siuaU imtnl rise lastmg from 5 to 10 mmiites has been 
observed (Graph I, fig 1) In decerebrated cats, m -n-hich the medulla and the 
higher parts of the brain ha\ e been destroved through the foramen magnum, the 
fall in blood-pressure is much le«o e\ ident The fall in blood-pressure is also 
observed after the terminations of the vagi have been paralysed uith atropine, 
showing that vagal inhibition docs not play much part in the fall produced 

Effect on the heart A)nphibia)i head — The alkaloid produces a distinct slowmg 
of the heart-rate after it is injected in the Ivmph sac or appbed directly to the heait 
After continued apphcation the svstole becomes progressively weaker, diastole is 
prolonged, the heart becomes gradiiall} dilated and finally stops m diastole 

Mammalian heart Myocardioqiaph experiments — 'Xith. 5 mg doses, there is 
sbght diminution in the amplitude of the auricidar and the ventricular systole 
(Graph I, fig 1) "With larger doses, e g , 10 mg to 15 mg , a distmct slowmg of the 
rhythm is evident and the auricles and the ventricles become markedly depressed, 
the effect on the auricles being more marked (Graph I, fig 3) Gradually some 
inco-ordination in the passage of the impulses from the smo-auricular node to the 
auriculo-ventncular node becomes evident and the beats become uregiilai With 
larger doses, the ampbtude of auricular contractions is greatly diminished and 
there is rapid weakenmg m strength leading to fibrillary twitchmgs of the auricle 
and ultimate paralysis This effect is not abobshed if the vagi aie severed in the 
neck or if the nerve-endings are paralysed with atropme (Graph I fig 3) In 
decerebrated animals veiy similar effects are produced These expernuents show 
that neither the cardio-mhibitory centre nor the vmgi aie lesponsiblo foi the effovr 
produced The svmpathetics also do not appeal to plav’ am part is puahsis of 
the sympathetic endmgs with large doses of ergotoxine does not altei Gie nu oi u- 
diographic tracing in any way It is therefore probable tint the depiession of the 
cardiac musculature is responsible for the slowing of the ciidnc ihvthui 

Cardiometer expeuments — The changes m the volume of the heart undei the 
effect of this alkaloid were studied bv means of a glass t irdiometei An mjection 
of 5 mg produced d imin ution of both the systobc and diastolic phases of the heart , 
the cardiac output was dmnmshed and the heart as a whole appealed to be depressed 
(Graph I, fig 5) After givmg 8 mg of atropme intravenously, so as to paralyse 
the vagal endings m the heait, the same effects were pioduced 

Action on the isolated heart — Isolated hearts of labbits and kittens were perfused 
according to Langendorff ’s method vs ith oxygenated Locke’s solution (pH 7 2 and 
temperature 37 5°C ) to which defibrmated blood was added The alkaloid in 
concentrations of 1 in 400,000 produced a sbght depression of the heart On 
increasmg the concentration of the solution to 1 m 200,000 to 1 m 100,000 the 
weakenmg of the force of cardiac concentration became more apparent With 
still higher concentration, such as 1 in 50,000, the depression was immediate and 
weU marked All these effects could be ebcited even after the terminations of the 
vagi had been paralysed with atropme and pomt to direct effect on the cardiac 
musculature 

Action on blood iCAsels — It has been pomted out that the blood-pressure falls 
after the mtra venous admimstration of the alkaloid This appears to be due mainly 
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to dunimslicd caidiac output as is evident fiom tlie myocardiograpli and perfusion 
expeiiments on the isolated licait In the decerebrated animals the fall is less 
luaiked and theiefoi o it is likely that dilatation of the blood vessels as a result of the 
depression of the vasomotoi centre may be one of the factors in lowering the blood- 
pressure Til oidei to deteimine whethei the local eftect on the plain muscle of the 
blood vessels is also lesponsible foi this dilatation, a Trendelenburg preparation 
was put up and the vessels weic perfused with fiog Ringer’s solution to which the 
alkaloid was added The number of drops of the perfusate per minute defimtely 
decreased, showing thereby that vaso-dilatation was produced This vaso-dilatation 
IS due to the direct inhibitory eftect of the dmg on the musculature of the blood 
vessels In waim-blooded animals, such as the cat, addition of the alkaloid to the 
peifiisate produces an appreciable dilatation of the blood vessels of the artificially 
perfused hind limbs The dilatation is still present, though to a much less extent, 
after the vasomotor nerve-endings are paralysed with ergotoxine 

Volume changes of the abclonnnal organs — The eftect on the blood vessels of 
the splanchnic area was studied by noting the changes produced on the volume of 
such organs as the spleen, kidney and the intestines The intestinal volume, 
spleen volume and kidney volume all shou a slight increase in the majority of 
experiments This is probably secondary to the fall in systemic pressure and 
consequent splanchnic congestion (Graph IT, figs 6 and 7) 

Limb volume — There is little or no change in the limb volume if the alkaloid 
is given m doses of 5 mg Sometimes a decrease in the volume is observed which 
can possibly be accounted for by the local depletion of blood caused by accumula- 
tion in the splanchnic area (Graph I, fig 2) 

Action on the utenis — The alkaloid in doses of 6 mg to 10 mg intravenously has 
a defimte stimulating action on the tone and rhythmic movements of the virgin cat’s 
uterus in situ (Graph II, fig 11) Pregnant uterus is also stimulated Isolated 
strips of uterus from rabbits and cats, when perfused m Dale’s bath, also show 
stimulation in concentration varying from 1 in 100,000 to 1 in 50 000 (Graph II, 
fig 9) 

Action on the cential nervous system — ^As Ramvolfia seipentina has earned a 
reputation as a sedative and hypnotic the eftects of the alkaloid on the central 
nervous system were rnvestigated rn more detail 

Gold-blooded animals Fishes — The hypnotic effect on fishes was studied by 
Overton’s method Three ‘ koi ’ fishes {Anabas scandens were placed m a glass- 
jar contaimng 200 c c to 300 c c of a one per cent solution of the alkaloid In a 
similar jar filled with water three similar fishes were kept under the same 
conditions to serve as control The fishes after immersion did not behave in 
a manner indicating that the solution had any irritant eftects They were 
touched with a glass-rod every minute for the first twenty minutes and 
then at longer intervals The fishes showed a slight but distinct inhibition of 
spontaneous motion Upon removal to fresh water, the fishes recovered rapidly 
and regained their normal condition 

Frogs (Bufo) — Injections of the alkaloid were given into the anterior lymph 
sac of frogs weighing about 50 g Doses of less than 0 1 g produced no eftect 
whatever With increasing doses a series of symptoms were cbseived which veie 
quite characteristic Within 5 to 7 minutes of the injection these amphibia show a 





Graph II 



Tig 9 Fig 10 Fig 11 

Figs 6" and 7 Spleen volume and kidney volume Note fall in pressure and rise in tlie i ohmie of Loth the organs 
Fig 8 Isolated loop of cat’s intestine .Note stimulation of intestinal mo\ements in dilution of 1 in 100,000 

„ 9 Isolated uterus in Dale’s bath Stimulation of both tone and pendulum nio\enent& in dilution of 1 in 

60,000 <, 

„ 10. Blood pressure andintestmal movements in situ Note fall in blood pressirre and increase in the tone and 

movements of tbe mteatines 

„ 11. Blood pressure and uterme movements in situ Note mcreased tone of the uterme contractions 
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tendency to lulubition of voluntary movements which is m marked contrast to 
the brisk movements of the controls The frogs react normally ivhen stimulated 
at this stage, but gradually the movements become sluggish They sit quietly in 
their usual posture but their leaps become clumsy and less brisk Sensory 
conduction appears to be defimtelj impaired at this stage as a imld prick 
with a needle or pmchmg with a pair of forceps usually elicits no reflex 
response Chemical stmiub to the skin, e g , moistenmg the skm with acetic 
acid and stimulation of the viscera, which produce defensive movements in 
normal frogs, are without eftect The depression deepens and in 15 mmutes 
or so, the frog if turned on its back does not attempt to right itself The limbs 
are markedl) relaxed, giving an appearance resembling that of a pithed frog 
The perception of pain-stimuli appears to be decidedly decreased Electrical 
stimulation by tetamzmg current fails to produce any eficct and the toes can 
be clipped with scissors without any reflex motor response The heart-beats 
become progressii ely slou er from the beginmng but the organ goes on beatmg 
for over an hour 

Warm-blooded animals While mice, weighing on an average 20 mg , were 
given a two per cent solution of the alkaloid intraperitoneally in sublethal 
doses With doses ranging from 0 27 mg to 0 4 mg per g body-weight, there 
IS mitial stimulation as shown by increased excitability and burned respiration 
This picture, however, soon changes and the ammal assumes a quiet and 
crouchmg attitude and prefers to remain undisturbed The receptivity to 
external stimuli e g , pricks with needles or the electric current, remams intact 
Larger doses (i e , those below the lethal limit) produce loss of sensation and 
sometimes actual narcosis Death may occur later from failure of respiration 

Guinea-pigs — Three guinea-pigs were gi\en the alkaloid in doses of 50 mg, 
75 mg and 100 mg per kilo body-weight subcutaneously Within 20 to 30 mmutes 
the animals receivmg 75 mg and 100 mg per kilo showed a tendency to lie on one 
side and became listless and apathetic Perception to touch and pain-stimuli, 
however, remained unaltered The eflect did not last for more than one and a half 
hours and passed oft gradually 

Iiitraperitoneal injections of the same dosage gave a characteristic tram of 
symptoms qmte unlike those observed with subcutaneous injection With 100 mg 
dosage, the giimea-pig dei eloped within 5 to 10 mmutes nodding movements of the 
head In another 10 minutes the ammal was seen to lose its balance and lay on its 
side, breathuig heavily AVithin 30 imnutes, it showed signs of collapse , just 
before death, twitchings of isolated group of muscles and convulsive seizures w ere 
observed The tonic contractions lasted for a few seconds and were followed by 
complete relaxation The convulsions recurred at mtervals till death supervened 
from failure of respiration The animal receivmg 75 mg per kilo show ed drowsiness 
and appeared to go into a deep sleep m 15 to 20 mmutes, but tlus effect passed off 
in 11 hours 

Cats — Two series of three cats, each weighing on an average from two to 
three kilos, were given mjections of the alkaloid subcutaneously m doses varyin" 
from 50 mg to 100 mg per kilo body-weight Excepting a temporary 
drowsiness and dismcbnation to move about, no other effects pomtm» to a 
depression of the higher centres were observed This lasted only for a short time 

J, o 
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Inti a venous injections in tlie saphenous vein oi intiaperitoneal injections of 50 
ing pel kilo pioduce within 5 to 8 minutes salivation and a tendency to vomit 
The animal looked wild and had dilated pupils The head rolled fiom side to 
bide and soon the animal lost its equilibiium and lay on one side The respiiation 
became labouied and consciousness was lost Sensations were still slightly 
maintained though dulled consideiably 

Ceielnal cenlies — ith a view to dcteimme whether the drag had any special 
action on the ceiebial centies a small quantity (10 mg ) of the drug was injected 
diiectly into the cisteiua ceiebello-medullaiis thioiigh a needle intioduced thiough 
the occipito-atlaiital ligament Only light ether amesthesia was used so that the 
ether eftect could pass oft within a shoit time AVhen these animals recoveied 
consciousness the allcaloid was injected and the effects piodiiced were carefully 
obseived AVithin 40 to 60 seconds following the injection, drowsiness and somno- 
lence were obseived and the animal became narcotized During this period the 
reflexes geneially, and the conical leflex in particular, weie lost Sensory and 
motoi conduction weie, however, inteifered with only veiy slightly Application 
of stimuli fiom a secondaiy coil pioduced local reflexes but these appeared to 
show a diminished response when compared with those of a noimal animal 
If at this stage a solution of strychnine (2 mg ) is mtroduced the animal 
develops the typical convulsions but the seizuies aie distinctly less powerful 
These convulsive movements may be decreased again by injecting another dose 
of the alkaloid thus showing that the excitability is markedly depressed by 
the alkaloid 

Anlx-fyrehc effect Action on the heat-iegulating cenUe — The action on the 
heat-regulating centre was determined by producing experimental pyrexia in 
rabbits by Kilio ire’s method This consists in injecting hypodermically a culture of 
B coll communis grov n in broth for four days and then killed by heating to 65°C for 
one hour Daily record of the rectal temperature was kept at four -hourly intervals 
for three days to get a mean record of the normal temperature, great care being 
taken to handle the rabbits gently to avoid excitement The drug was then injected 
subcutaneously and intiamiiscularly and half-hourly temperatures were recorded 
It was found that the drug in doses of 50 mg per kilo reduced the temperature to 
1 5 to 2 degrees Fahrenheit and the temperature was usually maintained at this 
level The alkaloid thus has anti-pyretic properties resembling the coal-tar group 
of drugs 

Sensoiy nerve fibres — In order to ascertain whether the alkaloid exerts its 
depressant action through the sensory nerve fibres cats under urethane aneesthesia 
were used The sciatic nerve m the leg was exposed and after the minimal cmrent 
producing a definite change in the lespuation had been determmed, a two per cent 
solution of the alkaloid was dropped on to the segment of the nerve, and the latter 
was stimulated both below and above the point of apphcation with the same 
strength of current It was found that m none of the ammals was the alkaloid 
able to block the sensory impulses from going to the central nervous system, 
while cocaine crystals similarly applied to the same nerves uniformly paralj'sed 
the point of application within five minutes The dimmish ed response on 
stimulation of the local reflexes following the administration of the drag 
IS therefore possibly due to the depression of the nerve-cells of the reflex 

arc. 
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SUMJIABT AND CONCLUSIONS 

(1) Eauuoljia seipentina is reputed as a cure for insanity, epdepsy, higli 
blood-pressure, etc 

(2) A crystalline alkaloid having a melting point of 135°C v as isolated and its 
pharmacological action worked out It is sparingly soluble in cold water but is 
more soluble in hot water 

(3) The alkaloid is toxic to Paramcecuim caudatum m concentrations of 1 in 
20,000 and moie Its toxicity varies with different species of animals The lethal 
doses for frogs, white mice, guinea-pigs and cats have been determmed 

(4) The alkaloid has a stimulant effect on the plain muscle of the intestine and 
the uterus 

(5) The systemic blood-pressure falls due to dilatation of the blood vessels of 
the splanchmc area The respiration is depressed, death occurring from failure 
of respiration due to the paralysing effect of the alkaloid on the respiratory 
centre 

(6) The alkaloid has a pronounced effect on the central ner\ oiis system In 

sublethal doses injected into the lymph sac of frogs narcosis quickly ensues In 
mammals the alkaloid produces symptoms which are attributable to its depressing 
effect on a arious cerebral centres in the reverse order of their development The 
short period of excitement seen in guinea-pigs and cats is probably due to the 
dissolution ot the lugher centres as is so often seen with morphine, chloroform and 
alcohol There is also evidence to show that there is some depression of all nerve- 
ceUs in the body > 

(7) The alkaloid on account of its cerebral depressant properties should prove 
to be a valuable sedative drug Its depressant effect on the respiratory centre 
should, hon ever, be borne in mind It lowers the blood-pressure and if admimstered 
in proper dosage should be of value as a remedy against hyperpiesis Purgation is 
usually produced by the drug on account of its stimulant properties on the plain 
muscles of the gastro-mtestinal tract Its stimulant effect on the uterine movements, 
both virgin and pregnant, coupled with its pain-relieving properties should be useful 
during parturition The drug is likely to be a valuable addition to the armamenta- 
rium of physicians and further work to place it on a defimte therapeutic basis is 
in progress 


IVe are grateful to Dr S Ganguly for his help in connection with this work 
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ON THE ELECTRIC CHARGE OE ERYTHROCYTES 

Part II 

MALIRIA 

BY 
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AND 

S G CHAUDHURY, d sc 

{From the Department of Pharmacology, ScTibol of Tropical 
Medicine, Calcutta ) 

Indigenous Drags Inquiry, I R F A , Series No 43 
[Received for publication, June 5, 1933 ] 

In a previous paper (Chopra and Chaudhury, 1932) we studied the effect 
of quinine bihydrochloride on the negative charge of normal red blood corpuscles 
at difierent pH values The results indicated that the charge of the erythrocytes 
IS affected by very low concentrations of the alkaloid, though the diminution m 
charge is very small It was then thought desirable to study the charge of 
erythrocytes obtained from patients suffering from malaria and, m the present 
paper, some prelimmary observations are given which actually show that the 
negative charge of the red cells obtained fiom malarial blood is different from 
that of the normal erythrocytes 

Expeklmental 

The method of measurement of charge was the same as described in our 
pre\ lous paper (loc cit ) With the cell used, the erythroc^des infected with 
malarial parasites could not be distinguished under the microscope from those 
not infected One per cent suspensions of erythrocytes m normal sabne 
obtained from malarial patients were prepared in the same way as in our 
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Oil the Elecliic Chciige of Ei yihi ocytes 

pievious expeiiments The lesults expressed m cm pei second per volt 
cm are given m Tables I and II — 

Table I 

Showing the calajphoi ehc velocity of led blood cells fiom diffeient 

no) mal individuals 


Numbci 

V X 10= 

1 

dumber 

VxlO® 

1 

i 

11 1 

6 

11 17 

0 

12 7 

7 

12 0 

6 

11 3 

S 

12 05 

4 

12 5 

9 

11 5 

5 

13 1 

10 

12 3 


Mean velocity=il2 05 x 10® cm per second 
per volt pel cm 


Table II 

Showing the cataploi elic velocity of one pei cent suspension of led 
blood cells obtained fioni malaria patients 


Number 

VxlO" 

Eemakks 

1 

13 4 

M T rings and crescents 

2 

S3 

Scanty quaitun, trophozoites and 
gametocytes 

3 

12 7 

B T trophozoites, schizoiits and 

gametocytes 

4 

10 0 

Scanty M T rings and crescents 

5 

14 6 

M T rings 

6 

16 5 

Quartan trophozoites and schizonts 

7 

14 3 

M T rings 
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The results m Tables I and II show that comparatively there is a great varia- 
tion in the charge of the led blood cells obtamed from difterent patients sufiermg 
from malaria The mean of the obseri ations m Table II, however, is not of any 
particular significance , it would rather tend to show that these difierences are 
ascribable to different conditions of the red blood cells of patients suffering from 
malaria It might be argued that the red cells, seen movmg under the microscope 
at different heights of the chamber, are not actually infected, but this consideration 
probably does not detract from the value of these results Brown (1933) with 
similar techmque showed that there appears to be no difference in the electric 
charge of cells containmg parasites and the healthy cells in an infected bird 
iloreover, each of the observations is a mean of at least ten different readings and 
in no case was there any appreciable difference in the time for the different cells of 
the same suspensions to pass through a defimte distance 

It will be seen that in Nos 2 and i there is a decrease and m Nos 5, 6 and 7 
an mcrease in the electrical charge of the cells Brown (loc cii ), however, found 
a decrease m the charge of the red cells obtained from malaria birds, but his medium 
of suspension contamed serum, and to this might be attributed the divergent 
results obtamed 

There is at present a general tendenc} to ascribe phagocytosis to the lower- 
ing of the charge of bacteria and ccUs The lowering of the charge of the erythro- 
cytes bv qmmne also favoms this view, for this loweiing would favoui phagocy- 
tosis of the mfected red cells and thus help m the cure of malaria It is, of course, 
conceivable that the electrical forces of lepulsion betw een a white cell and the red 
cell will be less on addition of quimne with the result that the white cells can 
easily engulf the infected red cells 

This simple theory of a living process is borrowed from the allied phenomenon 
of coagulation of colloids, w here the particles acquirmg low er electrical charge are 
thought to be aggregatmg into larger ones , but recentlv' it has been show n by 
Kruyt and his co-workers (1926, 1927) and Mukherjee and his co-workers (1925, 
1927) that coUoid particles even with high charge can conglomerate Before 
advancing anv defimte theory on the process of phagocjdosis it appears to us that 
experiments in vivo on the charge of the white and the red cells and its dependence 
on their morphology as well as its v ariation with mixtures of quimne and serum, 
both III viio and in vitio are uecessarj Such experiments on monkey malaria are 
m piogress and it is hoped that these results wiU be communicated shortly 

Conclusions 

The negative charge of red cells suspended in normal saline obtained from 
malarial blood is different from that of normal red cells , m some cases theie is a 
decrease and in others an mcrease 
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PHAEMACOLOGICAL ACTION OF KUECHICINE (AN 
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ANTIDYSENTERICA) 

BY 

Lieut -Colohel E N CHOPEA, ji a , m u (Cantab), i m s , 
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AND 
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[Bcceived for publication, July 3, 1933 ] 


tSiNCE tbe publication of the work on the pharmacological action of conessine 
by Chopra and his collaborators (1927), a large amount of work has been done on 
the chemistiy of the bark of H antidysentenca Ghosh and Ghosh (1928) isolated 
conessine from the Indian bark and discovered two new hitherto unrecognized 
alkaloids which they named hurcliine and huichicine Ghosh and Bose (1932) 
published in detail the composition and properties of kurchine and kurchicine and 
their salts Haworth (1932) isolated an alkaloid named oxy-conessine from the 
seeds of the same plant which was found to be identical in chemical composition u ith 
kurchme Siddiqm and Siddiqiii (1932) and later Bertho, Schuclonaun and 
Schonberger (1933) have reported the piesence of other allcaloids in the bark of the 
Indian Eolarrhena antidysentenca 

Messrs MTufEen and Sons, Ltd , of Aldgate Chemical ’Works, London, kindly 
sent us a quantity of a white crystalhne powder isolated from R antidysentenca 
This was labelled as ‘ Kurchme ’ hydroc)jloride , on exammation by the Department 
of Chemistry it was found to be very sumlar m properties to lurchcine described 
by Ghosh and Bose The proportion of this alkaloid in the bark vanes in specimens 
obtained from different locahties, but usually it occurs m smaller quantities than 
conessine and the low-melting-point alkaloid kurchine The hydrochloride forms 
well-defined crystals, is very soluble in nater and is therefore smtable for oral and 
parenteral administration A detailed action of this alkaloid (kTirclucme of Ghosh 
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runs almost parallel with emetine in this lespect Kurchicme like emetme is there- 
fore a general protoplasmic poison 

TOXICITY — 


Table II 


Showing results of toxicity experiments 


Animals used 

Route of admims 
tration 

Average 
if L D 
per kilo 

Number of 
observations 

Symptoms and post 
mortem findings 

Wlute mice 

Intravenous 

1 

3S 12 mg 

4 

1 

Involuntary det®cation, mic 
turation spasms, rapid 

respiration , post mortem 

findings — congestion of lungs 
and kidne-vs, heart empty 
and arrested in systole 

Guinea pigs 

Intramusoular ^ 

6-13 „ 1 

5 

Do 

Cats 

Oral 

1 

250 0 „ 

2 

Humed respiration and signs 
of ei-citement , salivation, 
diarrbcea greenish stools, 
unsteady gait, ineo ordinated 
movements and strychnine 
like convulsions 


A study of the above results will show that kurchicme is a very toAic alkaloid 

Local action — Kurchicme has no irritant effect on the skin A i per cent 
solution of kurchicme hydiochloride when instilled into the eye of a rabbit produced 
partial anesthesia of the cornea within 10 to 12 minutes Equal concentrations of 
cocaine hydrochloride solution produced similar lesults in 4 to 5 mmutes There 
were no signs of irritation as evidenced by Jachrymation or congestion of the corneal 
vessels The partial anaesthesia thus obtamed lasted for not more than three- 
quarters of an hour Intramuscular injections into the gluteal muscles of 
a cat did not produce any marked local reaction m the form of inflammation 
or necrosis 

Alimentaiy system — Digestiie enzymes Kurchicme in high dilutions (1 m 
200,000 to 1 m 100,000) increases the power of the starch-sphtting enzyme Ptyalm 
present in the sahva Peptic digestion does not seem to be affected even by such 
concentrations as 1 m 1,000 to 1 in 5,000 

Intestinal moiemeiits — Intravenous mjections of 2 mg of kurchicme were 
given to an ansesthetized cat, the movements bemg recorded with Jackson’s 
enterograph There is slight increase m the tone of the musculature and stimula- 
tion of the peristaltic mov ements of the ileum Similar results were obtained after 
paralysmg the vagal nerve-endings with atropine, suggesting the possibility of 
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direct action of tlie drug on tlie intestiucil musculature On the isolated intestines 
of cats and labbits in a Dale’s utciinc bath, 1 in 25,000 to 1 in 60,000 dilutions 
pioduce a slight stimulation of both tlic tone and the movements Emetine 
in higher dilutions, i e , 1 in 200,000 to 1 in 100,000 produces a marked stimulation 
of both the tone and peristaltic movements 

RespiTdtoi y system — Intravenous injections of 2 mg of the drug were given to 
cats, the respiratory movements being lecorded through a canula introduced into 
the trachea The respuations are slightly stimulated, probably lefiexly due to the 
fall in blood-pressure AVith laige doses, c g , 5 mg , the lespnatory movements 
show marked stimulation at first but soon stojr altogether The heart continues 
beating long after the respuations have ceased 

Gardiovascula) system — Blood-pi essu) e Intiavenoiis injection of 1 to 2 mg 

nchicme m a chloralosed cat produces, within 10 to 20 seconds, a distinct fall 
lood-piessure, varying from 15 mm to 40 mm of mercury This fall is 
maintained for a long time In decerebrated animals the same fall is observed 
but to a much smaller extent, showing that the medullary ceuties piobablv play 
no part in this action This fall is also produced after paral} sing the vagal and 
sympathetic nerve-endings with atropine and eigotoxine respectively The action 
of kiirchicine closely resembles conessine in this lespect 

Amphibian and mammalian heait — ^Intact fiog’s heart when perfused with a 
ition of 1 in 50,000 kurchicine shows little or no change, but with higher concen- 
ons a definite depressant effect is obtained 

In myocaidiogiaph experiments in cats intravenous injections of the alkaloid 
in doses of 1 mg to 2 mg pioduce a slight stimulation of the auricles with 
dilatation of the ventricles With larger doses, such as 4 mg , this efiect is 
much more pronounced 

Isolated heart of rabbits and kittens were perfused with warm oxygenated 
Locke’s solutions (pH 7 4) The alkaloid in dilutions of 1 in 1,000,000 has 
no efiect whatever on the heart but with 1 in 100,000 the ventricular beats are 
slowed and finalh’- a defimte heart block is produced The amplitude of the 
ventricular beats is not afiected at first but a little later there is distinct depression 
in the force of the beats With stronger concentrations, i e , from 1 in 20 000 to 
1 in 5,000, the decrease in the force and frequency of the beats is very marked and 
complete heart block is quickly produced, the auricles and the ventricles beating 
independently 

Comparative efiects of kurchicine and emetine on the isola'*' > "“b u 

heart were also studied Kurchicine hydrochloride in concentre - th""" 

1 in 50,000 has no depressant efiect upon this organ while 1 ^ 

100,000 to 1 in 200,000 dilutions produces a powerful and! "s 

efiect 


After admimstration of 2 mg of kurchicine 
the heart as recorded by the cardiomet^ ows 
due to dilatation of the organ as a v ^ 
its tone but the volume does not retui 
Action upon the blood vessels — Ii 
alkaloid, even in small doses, produc 
pressure, both before and after the s 


hydrochloride 
a well-marked 
heart giaduai 
for a long ti^ 
hserved that " 
and susta? 
ve-endmg|^ 
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paralysed witli eigotosine and -witli mcotme respectively Similar effects v ere also 
obtained after section of botb tbe vagi and after paralysing tbe nerve-endings witb 
atropine All these experiments tend to show that the fall is due to the direct 
action of the alkaloid on the blood vessels Perfusion of the blood vessels of the 
frog using the Trendelenburg’s technique uith 1 m 100,000 solution at pH. 7 4 
produces an increase m the flow of the perfusate showmg that the blood a essels 
are dilated Peifusion of the splanchmc vessels of a cat with a solution of 1 
m 25,000 to 1 in 100,000 at pH 7 4 also shows a well-marked dilatation of these 
a essels 

Volume of organs — An injection of 3 mg of the alkaloid produces an increase 
m the volume of the intestme and of the kidney, whereas the volume of the limbs 
and of the spleen shous a decrease after a small initial inciease This probably 
corresponds to the fall of the blood-pressure 

Uterus — The Mrgin uteius of a cat in situ alvays shows a definite tonic 
contraction of this organ when 3 mg to 5 mg of kurchicine hydrochloride are 
given intravenously 

The isolated uterus (virgm) of the rabbit is stimulated with dilutions as high 
as 1 in 500,000 and tome contraction is produced with lower concentrations such as 
1 m 200,000 to 1 in 100,000 The general tone and amplitude of the rhythmic 
movements is always increased 


Summary and conclusions 

From the experimental data obtained it would appear that the alkaloid 
kurchicme is a general protoplasmic poison like emetine The M L D m white 
mice IS 38 12 mg , in guinea-pigs 64 3 mg , per kilo body-weight Intravenous 
injections of the hydrochloride of the alkaloid m animals produce a well-marked fall 
in blood-pressure The heart is depressed but this depression cannot totally account 
for the fall in blood-pressure ith toxic doses there is defimte slowmg of the 
heart followed by complete heart block probably due to the direct depressant action 
of the alkaloid on the auriculo-ventricular bundle of His The alkaloid produces a 
marked dilatation of the vessels of the splanchmc area 

The respiration is at first shghtly stimulated probably secondary to the fall m 
blood-pressure, but with large doses it qiuchly stops, the heart going on beatmg 
for a long time after 

The plain muscles of intestme and uterus are stimulated even in as hmh 
a dilution as 1 in 500,000 ° 
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The serological methods employed m the study of Bacillus pestis have so far 
been very unsatisfactory 

The orgamsm, as grown ordinarilv at room temperature, is auto-agglutinable in 
normal sahne and thus useless for an agglutmation test Attempts at obtaining 
a reliable and constant suspension by meubation at blood-heat (after Dieudonne 
and Otto, 1927), by suspendmg the growth m distilled water (after Kolmer, 192-1), 
by sandffltration (after d’Aunoy, 1923), and by formahnizmg the suspension (after 
Batchelder, 1929) did not yield useful and repeatable results m our hands The 
first three methods incidentally make use of the hi mg orgamsm and are potentially 
dangerous 

In studymg the effect of age on the orgamsm it was found that sediments horn 
old broth cultures re-suspended m normal sahne alwa} s yielded stable suspensions 
Such suspensions, however, were found to agglutmate with normal sera m low 
dilutions This defect was found to disappear on the addition of very small quanti- 
ties of formahn 

Complement-fixation does not appear to have been employed in the st>idy of 
Bacillus festis at aU The reaction, however, was found to give clear-cut and graded 
results 

In this communication the techmques of agglutmation and complement- 
fixation will be described in detail and their apphcations mdicated Preliminary 

( 283 ) 
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observations on the agglutinating suspension, the complement-fixing antigen 
and the coiiesponding anti-bodies ^>lll also be made 


T The agglutination a debeis agglutination 


1 The ) eagents 

(^) The (lehns suspension — The deposit from Hafikine’s plague vaccine, 
especiall " “o) eight weeJcs, is re-suspended in a laige test-tube capable of holding 
aboi of fluid without wetting the plug, by means of beads, in normal 


lOrmol ( 

Thefi. 
opacity t 
day, if all ’ 
ht t • 
ds 


the 


t cent and phenol (Merck) 0 25 per cent have 
' ded to lie between those of No 2 and No 3 
j< nsion left at room temperature overnight 
spension will be found to be standing with a 
:: top and a small but compact deposit on the 
movement involved m taking the tube out of 
0 the light ' top homogeneous again without 

ou the ^nsion is pipetted ofi without 

dy for use Its opacity is that 
e of the vaccine vields about 


vaccine has recently been fully described 
lally a heat-killed (at 55°C for 15 minutes) 
freshly isolated from the heart- 
> to plague, in acid-digest 
(about 27°C in Bombay except 
acid-digest bioth is essentially 
< diluted and neutrabzed to contain 
I have a pH of 6 8 For the purpose 
. grow for eight weeks before it is killeu 
was the customary peiiod of growth of a 

been described by Naidu, Jung and Kamakaka 
a view to its theiapeutice application in cases of plague 
’-Berum obtained from sheep, buffaloes and bullocks after 
•sly with agar cultures of B pestis suspended in the 
a SIX weeks old culture of the same organism in acid-digest 
are gtown at room temperature 


2 The method of cjiarging the tubes 

thinning a thin debris suspension still further, the serum dilutions are 
ten times as strong as the final dilution aimed at One volume of such a 
tion IS added to mne volumes of the suspension^ Small tubes with sloping 
sides, like those used m Dieyer’s rack, show the resulting flocculation much better 
than do the big tubes like those used in a Wassermann test The big tubes, how'ever, 
are useful in detecting an eaily gianularity of the suspension. 
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3 The ensemble 


Tube number 

1 

2 


•t 

1 

5 

i 

] 

6 

7 

Serimi dilution, 1 vol 
of — 

1 m 

50 

1 

1 m 
100 

1 m 
200 1 

1 m 
300 

1 in 1 
400 ! 

i 

1 

1 

1 in 
500 

0 

(saline onlj) 

Suspenaiou 

j 


9 volumes 

per tube 


Final dilution of the serum 

1 in 
aOO 

1 

1 m 

1 000 

1 

1 1 in 

I 2,000 

1 m 
3,000 

1 m 
4,000 

1 

1 in 
5,000 

JTo senim 
(suspension 
control) 


The volumes are measured vuth alee pipette ivorlced with a rubber-teac 
For a small tube such as is used m a Dreyer’s rack 0 1 c c of the serum dilution and 

0 9 c c of the suspension suffice, while for a big tube such as is used m a Wassermann 
test 0 2 c c of the serum dilution and 1 8 e c of the suspension are used 

The tubes are shaken inclmduaily, bubbles of an expelled from the small tubes, 
and the rack is left in the incubator The reaction is read m three hours, 
SIX hours and next day Generally a n ell-marked reaction occurs in three hours 

4 Reading of lestilh 

The appearance is unmistakable The readings are — 

-r -r = Masses of flocculation in a non-opalescent or almost non-opalescent 
flmd 

+ = A well-marked flocculation in a still defimtely opalescent fluid 

± = A defimte flocculation in some part ivithout a defimte alteration 

m the opalescence of the flmd elsenhere 

— = Xo change when compared with the original suspension 

(^) denote a doubt with regard to a sign A is not quite a -f though 
definitelv more adt anced than a i Used in companions 

One of the immumzed sheep m the Hafikine Institute (sheep No 33) has for the 

1 melded a serum guing a -f-f reaction in from 1 in 1,000 to 1 in 
-.000, a -f reaction up to 1 in 4 000 and a m reaction up to 1 in 6,000 


j The specificity of the reaction 

Xomal sera from sheep, bullocks and bufialoes have given a neaatn e reaction 
Anti-rabic sera from sheep and buftaloes, the only other anti-sera"available from 
J. MB , 

i 
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these animals so fai, have also given a negative reaction Debris suspensions made 
fiom some othei menibeis of the Pasteiuella gioup, namelv, B aiisepticus, 
B bomsepUcif^;, a bacillus of deei septiciemia and S pseudotuheiculosis oodenhwn 
have given poor reaction with the anti-seium, with the exception of the debris from 
the last oigamsm The reaction m this case is as strong as with a B pestis debus so 
fai as a + + leaction is concerned Generally, latei it fails in a -j- and a ± reaction 
1 flesh suspension in saline of B pestis removes the anti-body from the serum and 
completely abolishes the reaction Other members of the Pasterirella group fail to 
do so This item is dealt with separately under the next heading 

6 The ahsoiption test 

Cultures of B pestis, B avisepticus, B hoiisepticus, Bacillus of deer septicaemia, 
B pseudotubeiculosisiodentiiimOindiBsLCiWviSoi'bovyaQ, lymphangeitis (Kiishnamurti’s 
organism) are grown on blood-agar, in the incubator, for 24 to 48 hours, washed 
oS with normal saline and killed by heat at 60°C for half an hour The opacity of 
the suspensions so made is adjusted to he between those of No 9 and No 10 opacity 
tubes 

In small sterile tubes, suitably labelled, one volume of a 1 in 10 anti-plague 
serum, giving a -J — h agglutination in 1 m 1,000 dilution, is added to mne volumes of 
the suspension from each organism 0 1 c c of the serum added to 0 9 c c of the 
suspension will sitSice The mixtiue is left in the incubator overmght A senun 
control made with saline only is also incubated for the same period 

When the agglutinating titre, foi a -p-p reaction, of a serum is ] m 2,000, one 
volume of a 1 in 20 dilution is added to the suspension instead of a 1 in 10 dilution 

Next morning the tubes are centrifuged until the supernatant fluid is clear 
One volume of this clear fluid from each tube is added to nine volumes of the debris 
suspension in suitably labelled agglutination tubes A debris suspension control, 
made with the debris suspension and saline only (9 I), is also prepared Precau- 

tions of sterihty are not needed at this stage The tubes are incubated Results 
are read in three hours, six hours and next day Generally, it is possible to record 
the results in three hours 

The tubes containing the serum absorbed by B pestis is found to be as free from 
agglutination as the debris suspension control, the fresh suspension of B pestis 
having absorbed the homologous anti-body The tubes containing the sera absorbed 
by the othei organisms show a high degree of agglutination That there should be 
difieiences between themselves and between them and the scrum control is to be 
expected from a gioiip relationship So far we have not studied these differences 
quantitatively 

We have employed this test in identifying fresh cultures of B pestis from rats 
sent for examination A definite decision can be arrived at m 48 to 72 hours 
The fact assumes significance when the importance of movements of troops an 
ships from a port like Bombay and the slowness of the animal test in confirming a 
suspicious looking cultuie aie considered 

Heating at 60°C foi half an hour is employed merely to kill the organisms and 
make them safe for handlmg It does not promote the absorption of the anti-senim 
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"We have fouud that the amount of the semm absorbed by a suspension of heated 
and killed bacilli is the same as that absorbed by a suspension of unheated and 
livmg bacilli This finding is opposed to that of Schiitze (1932) ivho while admitting 
that agglutination of B pestis ‘ has always been accompanied by difficulties’ claims 
to have found evidence, by agglutination tests, for two types of anti-sera against 
B pestis, {i) an ‘ anti-somatic ’ type reacting with the naked bodies of the bacilli 
(grown at 27°C ) only and (ii) an ‘ anti-envelop ’ type reacting with ‘ enveloped ’ 
haciUi (grown at 37°C ) only The ‘ anti-somatic ’ serum, according to him, can 
only action the enveloped bacilli when the envelope has been damaged by heating 
and steaming The serum used by us is obtained by injecting animals with 
cultures grown at room temperature only (27°C ) and therefore must be mainly 
an ‘ anti-somatic ’ serum The bacilli grown at 37°C are thicker than those grown 
at 27°G , show the characteristic gelatinousness whde forming a suspension in saline, 
are not salt-sensitive and must be ‘ enveloped ’ 

Euither, the bacilli grown at 37°C absorb the anti-serum as well as those grown 
at room temperature (27‘’C ) This fact is demonstrated by reducing the densities 
of the suspension and ascertamiug the minimal limit needed for absorption 

The question of the unity of the anti-serum, as oppo'sed to a diiahty described 
by Schutze, is significant where the preparation of a prophylactic vaccine against 
plague and of a therapeutic serum for acute cases of the disease are concerned 

7 Applications of the techniques of agglutination and absorption 

Besides the identification of an unknown culture suspected to be B pestis and 
the demonstration of the unity of the anti-body produced as a response against the 
organism, as outhned under the previous heading, the techmques could be applied 
to (i) a differentiation of strains of B pestis, if any, (^^) a standardization of the 
plague vaccme, {in) a measurement of the potency of a therapeutic serum, if a 
correlation with protection experiment could be estabhshed, and [iv) a determina- 
tion of group relationship between the members of the Pasteurella group 


II The COMPLElIENT-FIXATION 
1 The reagents 

(i) The haemolytic system as prepared for a Wassermann reaction and used in 
the same proportions For the titration of the complement method No 4 of the 
Medical Eesearch Councd (1928) has been followed 

(u) Sahne as used in a "Wassermann reaction 

{ill) The antigen —An ampoule of Hafflane s plague vaccine, especially grown 
for eight weeks, as described under Agglutination, is centrifugahzed untd the 
supernatant fluid is clear The fluid is pipetted off and filtered through an L 3 
candle The filtrate is diluted with an equal volume of sahne 

{iv) The sei urn —As described under Agglutmation, diluted 1 in 10 Inactiva- 
tion at 55°C for 10 mmutes is only necessary if the serum is markedly anti- 
complementary Only sheep seium can be mactnated without destroying the 
anti-body 
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2 The ensemble 


Reagents 

Serum contiol 
tubes — 

1st 2nd 

Antigen control 
tubes — 

1st 2ud 3rd 

Test propel 
tufceo — 

1st 2nd 3rd 

Complement, M H D in 

1 vol 

2 3 1 

5 6 7: 

10 12 H 

Serumi]Jclilution 

i vol 

1 

Nil 

\ 

1 vol 

1 

Antigen 

Nil 

1 vol 

1 vol 

Saline 

1 vol 

1 vol 

Nil 


(a) Left at loom temperature for oue horn (b) Shaken thoioughly to re- 
suspend a precipitate resulting from the action of the precipitin in the serum 
(c) Left in u ater-bath at 37°C for 45 minutes (d) Left at room temperature again 
foi 15 minutes (e) Shaken again to resuspend the precipitate (/) Sensitized 
red cell suspension, 1 vol , added to all the tubes (g) Left in water-bath for 
half an hour (h) Lysis and inhibition of lysis noted (^) Left in the cold ovcimght 
{j) Traces of lysis noted 

Foi weak sera smaller doses of the complement aie used in the test proper, 
e g , 8, 10 and 12 M H D or 7, 8 and lOM H L instead of 10, 12 and 14 M HD 
To detect the merest trace of the immune body in a very weak serum the dilution 
of the serum is lowered, e g , a 1 in 7 or 1 in 5 dilution is used mstead of a 1 in 10 
dilution 

For strong sera the dilution of the serum can be raised from 1 in 10 to 1 in 12, 
1 in 15 01 even higher The dose of the complement need not be raised above 14 
A large number of repetitions has shown that constant and comparable results 
can be obtained by keeping to the above figures 


3 Reading of i esults 

M H D of the complement in the fully lysed serum control yifus the M H D in 
the fully lysed antigen control minus 1 equals the M H D needed for a complete 
lysis when the serum and the antigen are put together (both bemg anti-complemon- 
tary) Any amount needed for an incipient lysis above this figure plus 1 represents 
the complement-fixation measured in M H D 

The reason for subtracting 1 is this Had the two controls (the antigen control 
and the seiiim control) been mixed together as they stood in the tubes there wou i 
have been two volumes of the red cell suspension to lyse while in the test proper 
there is only one volume of the red cell suspension to lyse 

The reason for adding 1 is this The amount of complement needed for a 
complete lysis would, of course, produce a complete lysis in the tube contaimng e 
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amount , when there is, with this amount, an inliibition of lysis instead or only an 
mcipient lysis which amounts practically to an inhibition, 1 M H D has already 
been fixed , this 1 il H D must be added to the total above the figure needed for 
the mcipient lysis The foUowmg examples are typical — 



Serum control 

Antigen control 


Test proper 


Sera 

tubes 

— 

tubes — 


tubes — 


1st 

2nd 

1st 2nd 3rd 


1st 2nd 

3rd 


(2 doses) 

(3 dobca) 

(5 d s) (6 d’s) (7 d’s) 

(10 d’s) (12 d’s) (14 d’s) 

A 








-L 

+ 

B 

- 

- 

= - - 

1 

T 

i 

+ (’) 

G 

- 

- 

id: — 



± 

D 

E 

F 

— 

— 

— — — 

1 

± 

J- 

i 


— 

IT — — 

-1- 

+ 

+ 

G 

M 

+ 

4- — ^ 

i 

A 

+ 


Calculations 
Serum A 

MHD fixed=14 — (2-}-5 — 1)+1=9 at least (the end point not reached) 

Serum B 

MHD fixcd=14 — (2+6 — 1)+1=8 ‘ ^ ’ mdicates a trace of lysis (an 

incipient lysis) and a reachmg of the end point 

Seium C 

MHD fixed=12— (2+7— 1)+1=5 


Serum D 

‘ Irregular ’ reaction observed 

Serum E 

Negative 


Serum F 

MHD fixed=ll^(6+3^1)+l=7 at least 
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Senim G 

Results cannot be read Should be repeated with higher doses in the 
controls 

A remark may here be made on the ‘ irregulai ’ reactions They occui contrary 
to arithmetical considerations In serum D a ± reaction is* obtained with 
10 M H D of the complement This lack of complete lysis indicates a lack of 
only a fiaction of an M H D With 12 M H D there should not be any inhibition of 
the lysis at all Hence the ‘ iiregulaiity ’ Such reactions, apparently unrecognized 
by other workers in complement-fixation, are quite frequent occuirences One 
of us has drawn attention to them previously in this Journal (Greval, 1930) 
Ror quantitative recoid we take eogmzance of regular reactions only 

4 Specificity of the leaction 

Combinations of (a) normal sera and a filtrate as described above and of 
(6) immune sera and a filtrate prepared from carbolized acid-digest broth have 
given negative results with the lowest doses of the complement Anti-rabic 
sera from sheep and buffaloes, the only other anti-sera from these animals 
available so far, have also given negative results Filtrates prepared from some 
other members of the Pasteurella group, namely, B avisepticus, B bovisepticus, 
Bacillus of deer septicaemia and B pseudotubeiculosis lodentiuin have given a 
poor reaction with the anti-serum wath the exception of a filtrate from the 
last orgamsm The reaction in this case has been well marked but always 
less so than with a filtrate of the same age from B pestis Suspensions of 
B pestis absorb the anti-body from the serum and abolish the reaction On 
absorption more will be said under separate headings 

5 Posl-absoiption complement-fixation 

When the plague anti-seium is absorbed with B pestis and other members 
of the Pasteurella group, as detailed under the absorption test, it is found 
to have lost its power of fixing complement completely after absorption with 
B pestis and incompletely after absorption with the other members The 
incomplete loss is both qualitative and quantitative, the reaction becoming 
irregular before disappearing 

6 Post-fixation agglutination 

The supernatant colourless fluid in a positive tube, after complement-fixation, 
represents a 1 in 40 dilution of the original anti-serum When this colourless fluid 
IS pipetted ofl, diluted further and tested for its agglutinating titie, it is found to 
have sufiered httle loss of the titrc when compaied to a similar dilution of the original 
anti-serum kept as a control and subjected to the same conditions of incubation 
Evidently, the reaction involved in agglutination (and absorption) affects both the 
agglutinating and the complement-fixing anti-bodies while the reactions involved in 
complement-fixation affects only the complement-fixing anti-body 
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7 P)eci])itation occuning dining comjdement-jixahon 

As observed in the Ensemble a well-marked precipitate occurs dnrmg the 
process of complement-fixation The strength of the serum m the tubes at the 
time of the observation (before adding the red cell suspension) is 1 in 30 The 
reaction is quite independent of the complement present The deposit unless 
■shaken up at the stages already indicated is likely to be confused with a deposit of 
the red cells such as occurs in an incomplete haemolysis 

8 Application of the technique of complement-fixation 

Inasmuch as there are indications that tlie complement-fismg anti-body 
is different from the agglutmatmg anti-body, its correlation with protection 
experunents would be informatory The technique could also be used to confirm 
the results of agglutination and absorption geneially As a mere means of 
measurmg the titre of the anti-serum, without reference to a definite protection 
. afforded by such serum, the technique ls mfenor to that of agglutmation 

III PKELIiIII\"AEY OBSERVATIONS ON THE REAGENTS 

1 The debus suspension used tn agglutination 

The deposit m a broth culture, killed by heat and carbolized, begins to show the 
properties of formmg a stable suspension, reactmg w'lth the anti-serum, after three 
weeks of growth at room temper? ture Deposits from eight weeks old cultures besides 
yieldmg more of the suspension react more quickly with the anti-serum, the reaction 
being complete in six hours at 37°C A four weeks old culture is, however, more 
easily available from the standard Haffkine plague vaccme and can be used if the 
results are to be read after twelve to eighteen hours In the early part of this work 
deposits from standard vaccines onlj were employed In leaving the test standing 
for longer than six hoiirs a certain amount of compact and yellowish sedimentation, 
occurrmg m all the tubes including the control, must be excluded Its appearance 
IS distmctive 

Microscopical!} the material formmg the opalescent suspension consists of 
debris MTien a flocculus is spread on a slide it films badly like mucus 

The addition of formol is essential Although the quantity used (0 05 per eent) 
appears to be negligible it can be demonstrated by colour reactions in a suspension 
kept for months in a flask plugged with cotton-wool only Phenol is added as an 
antiseptic By its use the suspension can be handled moie easily and kept longer 
It also abolishes the risk of growth m the test kept in open tubes overmght We 
keep saline contaimng the requisite quantities of formol and phenol ready m flasks 
Our suspension is also made in bulk in a strong Pyrex flask contaimng "beads A 
night before use the flask is shaken and the suspension transferred to a large tube 
which IS kept upright for the night 

Not all deposits from broth cultures of B pestis, three weeks or over old, will 
form suitable suspension The majority of the cidtiires, howe\ er, will do so When 
one^sample from a large stock is found to be satisfactory, the whole of the stock is 
satisfactory The age of the bottled vaccine does not seem to affect the agglutinating 
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properties of the suspension Similar suspensions have been made from other 
members of the Pasteurella group Their giowth at room temperature is less 
profuse than that of B pestis 

2 The absorbing suspension used in the absoiplion test 

The density of the fiesh suspension of the bacilh washed oh an agar siuface 
with saline, has been found to be optimal when its opacity hes between those of 
No 9 and No 10 Brown’s tubes Woiking with a 1 in 1,000 dilution of an anti- 
seium, producing a ++ agglutination malm 1,000 dilution a distinct change in 
reaction occurs when the density of B pestis suspension is halved The suspension 
IS not now iich enough to abolish the agglutination after the absorption On the 
other hand, m the case of the other organisms of the Pasteurella group, studied so 
far, even a doubling of the density of theix suspensions has not enabled them to 
absorb the auti-plague serum completely lilce B pestis 

The density may be varied, m fact must be varied, for quantitative estimations 
Geitain ‘ strains ’ of B pestis, foi instance, may absorb more anti-serum than others 

Possibly the tune taken m absorption may also prove to be of value in the 
difierentiation of ‘ strains ’ 

For a comparison of the opacity with Nos 9 and 10 tubes a thick line with well- 
defined edges serves the purpose better than the print The tube contaimng the 
suspension under trial is laid between the two tubes on the line and the sharpness of 
the edges of the line compared 

3 The anti-sei urn 

Most of the work reported here was done with sheep serum BuSalo or bullock 
seia have not been found to be so potent seiologically as the sheep serum Besides 
the complement-fixing anti-body of the sheep seium is thermostabile while that of 
the buffalo or bullock sera is thermolabile, disappearing completely when kept at 
55°C for 10 minutes This vas also found by one of us (Gieval, 1933), to be the 
case with anti-rabic sera from sheep and buffaloes 

The sera which though stenle foim heavy deposits at the bottoms of the tubes 
01 of the ampoules, when kept m a cold chamber, aie found to have suffered a loss of 
the anti-bodies 

In seia which have deteriorated fiom age, effect of heat, lack of sterihty or 
some othei cause, the complement-fixing anti-body appeals to be damaged more 
than the agglutinating anti-body 

4 The filhate used in conqdement-fixalion 

The supernatant fluid from a vaccine ampoule is filtered to get rid of the debris 
of the bacilli which, besides being anti-complementary, interferes with the fixation 
of the complement by the anti-senim, by absorbing the latter 

Complement-fixing anti-body appears in the filtrate from a culture at the 
end of the first week The anti-complementaiy title of the filtiate lo low but the 
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reaction of filiation is irregular and weak Every added v eek to the age of the 
cidture stiengthens the reaction of fixation but unfortunately increases the anti- 
complenientary titre of the filtrate at the same tune 

The anti-complemeutary titre of the filtrate shows an extreme irregularity in 
inhibition of lysis Eor instance, m a senes of four tubes charged vith eight weeks 
filtrate and 11, 12, 13 and 14 M H D of complement the lysis, well marked in the 
first tube, is stdl incomplete m the fourth tube m spite of the fact that between 
the first and the fourth tubes there is a difference of 3 M H D of complement 
This irregularity is the cluef difiiciilty m obtainmg a good readmg of the fixation 
It has been foimd that dilutmg the filtrate with an equal volume of sahne reduces 
the irregulaiity considerably Trials with various filtrates and a constant serum 
have shonn that maximum leadings are ob tamed uith a eight weeks filtrate 
diluted with an equal volume of saline 

The quantity of the complement-fixing antigen m the diluted filtrate is about 
tlie minimum needed for a regular reaction with a 1 in 10 dilution of a potent anti- 
serum This means that if such a serum, giving a regular reaction, gives a certam 
readmg of fixation m a 1 in 10 dilution, it is not expected to give a higher reading 
in a 1 m 5 dilution 

As observed under complement-fixation, the filtrate also yields a distinct preci- 
pitate with the anti-serum starting as an immediate cloudiness which thickens with 
mcubation ^Ve have not studied the reaction further 

The bottled vaceme from which the filtrate is obtamed appears to keep 
unchanged for this purpose for at least four months Probably it keeps for a much 
longer period Temperature and hght do not affect it In two samples of one 
year old vaccine, one kept at room temperature and the other in a refrigerator, the 
quantity of the antigen was exactly the same, as shown by a complement-fixation 
\vith a constant serum 

A filtrate from a four weeks old culture is readily available from the standard 
Haffkine’s plague I accine and can be used undiluted m determining the reaction 
Because of a high anti-complementary titre of an undiluted filtrate the readings 
obtamed by its use are low 


Summary 

1 A technique of an agglutination of the debris of B peshs with plague anti- 
serum has been described Besides measuring the titre of the serum it makes the 
identification of B pestis possible with the aid of an absorption test 

2 A technique of a complement-fixation wuth plague anti-serum has been 
described The antigen is a filtrate from broth cultures of B pesbs A relationship 
between the agglutinatmg anti-body and the complement-fixmg anti-bodv has 
been pomted out 

3 Preliminary remarks on the reagents and the reactmg bodies have 
been made 
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difteieuce in tlie action of all these three drugs (1) on the coiuse of infection, (2) on 
the changes of the paiasite, and (3) the pathological alterations m some of the chief 
oigans and tissues of the infected animal It may be stated once for all that 
these three compounds 'when administeied during the course of an acute 
infection early enough are capable, each in its own way, of preventing the 
death of the animal All the three drugs, however, fail in completely ridding 
the animal of the infecting parasite , in other words, even after a sufficiently 
long course of the diug admimstered m adequate doses, the relapses come 
on peiiodically, with the leturn of the sexual and asexual forms of the parasite 
and these in their usual virulence 

Before considering the mechanism invoh ed in each case, it may be briefly stated 
that in an acute infection the rings mciease day by day and each crop of the invad- 
ing paiasites in the iing form goes through the normal cycle of the asexual 
development of the parasite, — ^from the trophozoite to the schizont with a large 
number of meiozoites This lapid flooding of the blood by the parasites leads to 
an alarming desti action of the led blood corpuscles, resulting in an intense ansemia 
and hydraemia until no moie blood corpuscles aie available for the attack, and the 
animal dies with the load of fullv developed merozoites then present These blood ’ 
changes are best seen in a microphotograph (Plate XVI, figs 1 and 2) 

Quinine — "When the invading parasites aie still young and not beyond the 
early trophozoite stage, provided the propoition of the invaded corpuscles is well 
elow 40 per cent, if quinine in 2} gram doses is admimstered the rapid growth of the 
ophozortes and also the undue formation of the meiozoites is checked and a sort 
f balance is estabbshed for the new formed red blood corpuscles to keep pace with 
the subdued multiplication of the parasite The trophozoite and the host cell, 
along with the meiozoites, shrink and appear to be destroyed in situ and phagocyted 
Some of the few rings which escape this fate slowly develop into trophozoites, and 
gametocytes now begin to make their appearance This quiescent state continues 
for a few days when again there is a recrudescence of rings periodically with a 
tendency towards an acute attack and its attendant dangers, unless this is also 
prevented by similar admimstiation of quinine as before , after dealing thus with 
the first two or three relapses, a chronic state is brought about, when the production 
of the numbers of merozoites is sufficiently reduced and garnetocytogony uell 
established (Plate XVIII, figs 7, 8, 9 and 10) 

Alehnn- In the case of atebrin, the rings seem to be attacked directly, even 
in such a small dose as 0 025 g as they are inhibited m their progress into even the 
trophozoite stage and therefore the destruction of the rings is more rapid tlian under 
quinine, in which case 24 hours after the exhibition of the drug the rings are not 
prevented from growing into trophozoites though m a stunted form The blood 
after two days of atebrin is practically cleared of the rings, but they reappear 
after about ten days of the last day of the exhibition of atebrin, e^ en when the drug 
is continued for 15 consecutive days, and the same good result is obtained b}- 
another course of atebrm and the animal is saved each time In these earlier 
relapses the rings accumulate slowly and take two or three dajs before the dangei 
point 13 reached "When, however, this treatment is earned on for some time for 
two or three weeks the subsequent recrudescence is characterized by the Return of 
a lar"e number of rings about ten days after the last day of atebrm, and then there 
IS the dangei of losmg the animal unless immediate steps are taken to control this 
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Fig 5 



Fig 6 

Action of atebnn m the Macacus rhesus infected with malaria 

Peripheral blood, fifth day after infection just before administration of atebnn 
Penpheral blood of the same, sixth day after infection Tuenty four hours after the 
administration of one dose of atebnn (0 05 g ) 

6 Penpheral blood, seventh day after infection Fortj eight hours after (had two doses 
by non) 



Plate XYIII 



Fig 9 Fig 10 

Action of quinine m Macacus rJicsut infected ivith nialana 

Fig 7 Penpheral blood, fifth day after infection 
„ 8 Penpheral blood, 2-1 hours after the first dose of quinine (2 5 grams per os) 

„ 9 Penpheral blood seventh day after infection Forty-eight houM after the first 

dose of quinine 

„ 10 Penpheral blood, eighth daj of infection Seventy tiro hours after the first dose 

of quinine (had bv now three doses) 
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Fig 12 



Fig 13 


Action of plasmoquin in Macacus rhosus infected ■with malaria 

T? 1 1 Penolioral blood, fifth day after infection, before the admimstration of m qOo " o^)- 

H Srlffieral blood, sixth dav after infection, 24 hours after the first dose of plasmoquin (0 Wo ^ p 
” 13 Peripheral’^blood, seventh day after the infection (had two doses by now; . 
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sudden, invasion by lepeatiiig the atebrin administration (Plate XVII, figs 4, 5 
and 0) 

Plasmoquiii — The action of plasmoqiun on the asexual cycle is of inteiest as 
it resembles that of quinine in its slou ness, but is more potent even in small doses 
Thus, m spite of the euoimous number of parasites m even an advanced 
tropliozoite stage, and in spite of the dangeious sign of cyanosis, the parasites 
are destroyed and the animal is saved witli even a few daj s treatment u ith this 
compound The secondarv anaemia, however, is more intense than under atebrin 
or quinine , but tin rings return eaily, so that after a four days interval of a long 
course of plasmoqum (lasting seven consecutive days and four days after a gap of 
three days) the blood shows four oi five rings m each field and the animal runs the 
risk of siiccumbmg to the effect of a relapse, unless measures are adopted to 
control the parasite immediately bv any of these three drugs Some of these 
facts are best illustrated m Plate XIX, figs 11, 12 and 13 

These ohser\ ations lead one to the conclusion that ro matter which of these 
compounds is used there is always a return of the parasites with this difierence that 
the state of equilibiium leading to a chrome infection is brought about more 
efiectiveb' with fewer courses of quinine than with the other two products 


Pathology 


The pathology of the disease m the acute attack m treated and untreated cases 
alike IS chiefly directed to blood changes As the parasite progresses in its cycle 
in viio in an acute infection and then recurrently floods the blood in repeated crops, 
the red blood cells are attacked and destroyed by milhons per cubic imllimetre every 
day in spite of then being replemshed partially in the early stage and an intense 
hydrsemia and oligocythsemia are induced by the time the danger signs estabbsh 
themselves , the blood is dark-greyish in coloui and watery The morphological 
changes m the red blood corpuscles free from parasites, to state briefly, are 
vacuolation and pallor with a fair sprinkbng of poikilocytes, polychromatophiles, 
and normoblasts VTiite blood cells are increased with excess of large 
mononuclears, many of which contain red blood cells, phagocyted parasites and 
striking masses of dark pigment 

The spleen is large and soft and almost black on section The organ is crowded 
with infected red blood cells with the parasites in aU stages of development, and is 
packed with confused masses containmg parasites, red blood ceU debris and abun- 
dant pigment, a state mdicative of acute red infarction, leaving only small islets of 
normal spleen-tissue 

The liver is also enlarged and congested with pale blood and m section shows 
the usual changes found in infection, e g , cloudy swelbng and fatty chano-es The 
blood vessels are full of red blood cells many of which contain parasites butthe most 
remarkable change is the distribution of pigment which occupies the lymph spaces 
between the hepatic cell smusoids and is all concentrated m the Kunffer cells 
vide Plate XVI, fig 3 ^ 


regeneratmg red blood corpmcles, some 
of the fuUy formed red blood cells bemg full of parasites The brain and kidnev 
are also loaded with parasites, m their capdlaries, and m severe infections one finds 
hematuria rather than h^moglobmuiia and this is the result of glomerular vessels 
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being plugged nitli masses of red blood corpuscles contaimng the parasites and the 
subsequent acute thrombotic nephritis 

The pathological changes in the chronic disease have not yet been worked out 
completely, as all the animals so fai treated are fairly well except for the secondary 
ansemia induced by the earliei attacks 


The authois aie indebted to Lieut -Colonel S S Sokhey, i m s , Director, 
Haftkine Institute, for kindly placing all laboratory facilities at their disposal 
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THE BITE OF THE SANDFLY PHLEBOTOMUS 
ARGENTIPES 

BY 

L FA’BRARD NAPIER, mrcs, lrcp, 

R 0 A SMITH, D T M , I M D , 

AND 

K V KRISHNAN, mb, mrcpe, db (Loncl ), d sc 
{From the Kala-azar Inquiry, Indian Research Fund Association, 

Calcutta School of Tropical Medicine ) 

[Received for publication. May 17, 1933 ] 

This is a report of a series of experiments during which the causative organ- 
ism of kala-azar, LeiJiniania donovani, was successfully transmitted from human 
patients suffering from kala-azar to Chinese hamsters, Cricetulus griseus, by the 
agency of the sandfly, Phlebotomus aigentipes, via the insect’s proboscis 

Hitherto all attempts to transmit this infection to human volunteers and other 
animals by means of the bite of this fly have failed, although the workers on kala- 
azar at the Calcutta School of Tropical Medicine and in Assam have directed their 
mam energies on work v'lth this particular insect, since the discovery of the 
development of the parasite m its gut (Knowles, Napier and Simth, 1924) In 
the case of the hamster one successful transmission has been reported (Shortt, 
Smith, KxLshnan and Swaminath, 1931) Before reporting our results it will be as 
>/ell to make a rapid survey of the previous experiments in India with this suscep- 
tible mammal 

Shortt, Barraud and Craighead (1927) used 20 hamsters , of these foui were 
not examined The remaining 16 were subjected to an average of 34 feeds each 
by supposedly infected sandflies, of which it was estimated that 9 were actuallv 
infected The first feed on each hamster was given between 12th February and 
22nd jMay, so that one may assume that the majority of the feeds were given 
during the hot weather, a few bemg given during the comparatively cool month of 
February The period from the commencement of the expermient to the time of 
exanimation of the hamsters was from 3 to 64 months, the average bemg 54 months 
We assume, though it is not stated, that all'the animals were sacrificed and that a 
satLsfactory cultural exammation was conducted m each case No transmissions 
were recorded in this series 
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Ti ansmission of Kala-azm to Hamsters 


Theie were 32 liamsteis involved in tins exjieriment In four cases none of 
the flies that fed on them was proved to be infected , no further reference will be 
made to these The remaining hamsters can be divided leadilv into three groups , 
each group wull be considered separately — 

Giou'p I — The 11 hamsters of this group survived until the end of the ei.peri- 
ment and weie hilled between the 419th and the 629th day of the experiment , the 
average dmation of the expeiiment was 520 days , the average number of flies fed 
on them was 144 of which 39 weie probably infected Smears w ere made from then 
spleens, livers and bone-mariow, and cultures were made from then spleens and 
livers , ^n one case a leishmama culture %ias obtained from both spleen and live) 

In 8 cases in this group liv'er punctuie was done , in one of these a body which 
all the wiiters agreed was a typical leishmama parasite was found on the 435th day 
of the experiment , when, however, tins animal was killed on the 583rd day no 
parasites were seen and the culture lemained sterile 

Eurther details are given in Table I above 

G)oup II — The 9 hamsters of this group died during the course of the experi- 
ment after having had a compaiatively large number of sandflies fed on them , the 
average duration of the experiments was 238 days (in three instances it was over 
400 days) , the average number of flies fed on each was 134 of which 33 were pro- 
bably infected Smears were made from the liver, spleen and bone-marrow, and 
in some cases cultures were attempted, but in ev'eiy case these were contaminated 
as decomposition had set in OJ tins gioup one liamste) had a heavy leishmama 
infection in all the smeais examined , this animal had died on the 482nd da;^ of the 
experiment 

Eurthei details are given in Table II below — 


Table II 


Serial 
number of 
hamster 

Sandflies fed on the 

HAMSTLIl 

Dates of the first 
and last feeils 

Season during 
uhith feeds 
uero qnen* 

Duration of 
experiment 
from first feed 
to death of 
the hamster 

Total 

Number 

actuallj 

infected 

Probable 

nurabei 

infected 

1 

109 

6 

17 

26-4-31—27-11-31 

H M , P VI 

120 

2 

83 

9 

31 

4r-6-31— 23-9-31 

M 

170 

G 

198 

9 

52 

5-6-31—8-9-31 

M 

fill 

8 

ISO 

16 

48 

25-6-31—21-8-31 

M 

147 

10 ' 

95 


26 

25-6-31—27-8-31 

M 

64 

12 

167 


51 

30-6-31—3-8-31 

M 

482 

16 

143 


26 

15-8-31—17-11-31 

VI and P VI 

404 

26 

127 


i 20 

31-8-31—22-11-31 

VI and P JVl 

220 

31 

102 

6 

23 

13-4-32—17-5-32 

H 

36 


1,204 

80 

294 



2,144 


134 

9 

33 



238 


♦ footnote to Table I 
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Group III — This consists of 8 hamsters that clied in the earlier stage ot the 
experiment when less than 5 proved-infected flies had been fed on them The 
average duration of the experiment in this group was 80 days , the average number 
of flies fed on each was 48, of which 6 were probably infected Smears from the 
organs of these animals were examined, but no satisfactory cultures were made 
No infections uere demonstrated in tins sei les Eurther details are given in Table III 
below — 

Table III 


Serial 
uiituber of I 
hamster 

Sasdcltss fed os the hajister 

Duration of 
experiment 
from first feed 
to death of 
the hamster 

1 

Total 

Xumher 

actually 

infected 

Probable 

number 

infected 

4 

S3 


7 

242 

17 

1 

I 

7 

22 

26 


1 

3 

5 

27 

1 ^2 

1 

4 

144 

29 

1 56 

2 

7 

126 

32 

! 32 ; 

1 

3 

32 

33 

' 97 ' 

' 3 

7 

40 

35 

1 21 1 

1 

1 4 

1 

10 

30 

Totals 

1 ' 

1 382 

1 

15 

48 

641 

Msass 

j 48 ' 

2 

' 

80 


CoilPAEISOX OF TBE E-IFLIER EXPERniEXTS WITH THE PRESEXT 

SERIES 

In the first senes (1927) of experiments, most of the feeds were gi\en during 
the hot weather, the number of flies fed on each hamster was comparativelv small 
(mean=34) and in no case was the haipster allowed to survive more than 61 months , 
any one of these three points might be an excuse for the fadure in this series 

The second series (1928) can be compared with our present senes reported in 
Table I It wtII be seen that in the former the number of flies fed on each hamster 
and the munber of ‘ probably ’ infected flies was nearly twice that of our series 
The season at which the two sets of experiments were carried out was comparable, 
but in our senes they were both commenced and concluded at a later tune of the 
year, and m our successful experiment the feedings were given at the end of the 
post-monsoon period when the weather was beginmng to get cool agam However, 
the time the hamsters were allowed to hve was defimtely longer in our series, an 
average of 17 months against 144 months , furthermore in every instance the 
period was more than 400 days, whereas this length of duration was onlv achieved 
in three instances in the other series 

Let us consider the successful expeiiments , the hamsters sunuved 511 482 
and 419 days, and the seasons when they were fed upon by the infected flies ’were 
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tlie late monsoon, the early monsoon and the post-monsoon periods, respectively 
In the expeiiment that we must class as doubtful, on account of our failure at a 
later date to confirm our finding by culture (though m this case it seems ]ust possible 
that a very scanty infection died out), the period was 535 days and the flies were 
fed on the hamstei dming the early monsoon peiiod 

Thus, the essential factors for successful transmission appear to be that the 
hamster shall survive for at least 400 days and that the feedings shall be given 
duiing a period when the atmospheric humidity is high However, it is clear 
that these are not the only factors as in eleven other instances in the present 
series of experiments no transmission occurred despite these conditions being 
complied with 

Young, Hertig and Liu (1929) found that when a small dose of parasites is 
administered there is a very distinct prolongation of the incubation period, and 
further that in these cases there is a greater chance of spontaneous recovery on the 
part of the hamster 

The difficulties in carrying out this type of experiment are thus seen to be very 
great , if one keeps the hamster alive for the long period that appears to be 
necessary for development of the infection, it may die during the mght and be de- 
composed by the morning, and, furthermore, an infection produced by a small dose 
of flagellates may die out , on the other hand, if one performs liver puncture at 
frequent intervals, one will most certainly lose the majority of the animals at a too 
early date 

SUMMAEY 

Amongst 28 Chinese hamsters fed upon by sandflies {Phlehotomiis aigenUpes) 
that had pieviously fed upon kala-azar patients, two became defimtely infected with 
Leishmama donovam, and one apparently had a transitory infection 

All these animals survived for more than 400 days from the commencement 
of the expeiiment, and the feedings were carried out during a period of the year 
when the atmospheric humidity was high 

Acknowledgments 

We wish to place on record our appreciation of the assistance rendered by 
the following members of the stafE of the inquiry, Drs C E Das Gupta, 

S Mookerjee, Chiianji Lai and L E Sharma, without whose active co-operation 
this work would not have been satisfactorily accomplished 


REFERENCES 

Knowles, R , Names, L E , and Smith, Ind Med Gaz , 59 , No 12, p 593 

Sh^ett, H^E, ^Baekaud, P J, and Ind Jour Med Res, 14 , No 3, p 5S9 

Ceviohead, a 0 (1927) -ic o „ 97 i 

Shoett H. E , Ceaighead, A C , Smith, Ibid , 16 , No 2, p 271 

U o’ A and Swaminath, C S (1928) 

Shoett, H B , Smith, R 0 A , Ibid , 18 , No 4, p 1373 

SMvl’f H j’"and^™C W (1924) Free Soc Exper Biol and Med. 21 , v 354 
Y™, C W. ^RTIQ, M, and Lih, Amer Jour H,jg , 10 , No 1. pp 183-200 

Pao Yung (1929). 



Ind Jour Med Res , XXI, 2, October, 1933 


THE RELATIVE LNEECTIVITY OE THE TWO FORMS OE 
LEISHMANIA DONOYANl ADMINISTERED BY 
DIFFERENT ROUTES 


BY 

L E'S^RAED NAPIER, megs, lecp, 

R 0 A SMITH, D T M , I M B , 

A2II) 

K Y KRISHNAN, mb, mrcpe, db (London), d sc 

{From the Eala-azar Inquiry, Indian Research Fund Association, Calcutta 
School of Tropical Medicine ) 

[Received for publication. May 17, 1933 ] 

The experiments reported here weie undertaken to ascertain the relative 
susceptihihty to infection by Leishmama donovani of the hamster (Criceiulus 
gnseus) when the parasite is administered by different routes and at different stages 
of its life cycle 

It was first shown by Smyly and Young (1924) that the Chmese hamster was 
easily infected by the administration of leishmama m the form of an emulsion made 
from spleen puncture material mto the peritoneal cavity Later Young, Smyly 
and Brown (1926) extended their observations and m a large series of experiments 
showed that when spleen emulsion from an infected hamster was injected mto the 
peritoneal cavity of another hamster the parasite could be recovered from the hver 
m as short a period as four days, and that a generalized infection m the hamster 
persisted for 114 months They found that 2 out of 5 hamsters became mfected 
when spleen emulsion was mjected mto the pleural cavity, and that 3 out of 14 
became infected when it was given by the subcutaneous route Their attempts to 
produce infection by oial adimmstration failed, but in no mstance did they allow 
the hamster to survive for more than 18 days, nor did they check then findings by 
cultural examination of the organs “ ° 

Bundle, Hou and Patton (1926) carried out a small series of experiments to 
^ ascertam the infection rates when the parasites were administered in the flatreUate 
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and in the ‘ resting ’ stage, by difierent loutes , they first checked their results by liver 
punctuie and subsequently gave half the animals in each batch an intraperitoneal 
injection to demonstrate then susceptibility As hver puncture is an uncertain 
method of demonstrating infectmty, this procedure vitiated about half their 
experiments , the results of the lemaming experiments can be summarized as 
follows - 



Spleen emeluion 

Flagellate cultuees 


Total 

Infected ' 

1 

Total 

Infected 

Pei cutaneous 

5 

0 

' 5 

1 

Subcutaneous 

5 

1 

5 

1 


By the intiapeiitoneal method they pioduced infection in 10 out of 14 hamsteis, 
using 12-day-old flagellate cultures They shcrificed and examined their animals 
after a maximum of 3^- months, and they did not check their results by culture as a 
routine procedure 

Shortt, Craighead, Smith and Swaminath (1928) infected one hamstei by 
diopping spleen emulsion into its mouth and another by dropping this material on 
to its conjunctival membrane , only two hamsters were used in this experiment and 
they were allowed to survive 363 days before being killed The same woikers 
(1929) repoited anothei series of infection experiments carried out by the 
workeis of the Kala-azai Commission , they infected 8 out of 10 hamsteis by 
a single oial administration of spleen emulsion in a 335-day experiment, and 3 
out of 6 by repeated administrations, 88 in one case, of concentrated flagellate 
cultures, the times fiom the beginmng of the experiment being between 373 
and 406 days 

Young, Heitig and Liu (1929) repoited over a thousand infection expeiiments 
with hamsters , most of these were by the injection of spleen or liver emulsion into 
the peritoneal cavity in difierent doses They found that the most minute doses 
pioduced infection, but that where small doses were given a generalized infection 
took much longer to develop and tended to die out moie readily By percutaneous 
administration they produced 18 infections in 63 experiments using infected organs 
of hamsters as their soiuce of material, and 7 out of 37 when they used flagellate 
cultures Then attempts to produce an infection by the oial route still failed 

Khaw (1930) on the other hand produced an infection in 12 out of 14 hamsteis 
by the oral administration of spleen emulsion 

We do not claim that this is in any way a complete review of the literatiim on 
the subject, but the more important experiments have been summarized 
of these workers had done any experiments primarily designed to compare the 
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lufectivitv of the paiasite in its two difierent stages, the flagellate and the ‘ round \ 
w hen administered by difierent routes 

We felt that an experiment of this kind was necessary After we had 
commenced this senes of experiments Shortt and Swanunath (1933) pubhshed the 
results of a small series of comparative experiments on much the same lines as those 
we had planned, they, how'ever, used only strong emulsions and concentrated 
cultmes, and there were only 29 hamsters m then series 

All the hamsters that w e used in these experiments are imported fiom Chma 
and 1 large percentage alwa} s die on the way, so we were compelled to be economical 
in our use of animals and, whereas we had hoped to have ten in each batch we had 
to limit some of the batches to five hamsters 

The opimon we had formed from our own experiments and fiom those of other 
workers was that the peritoneal route was the most successful with either form of 
the parasite, that the oral was probablj the next, with the ‘ round ’ form at least, 
and that the subcutaneous, the conjunctival and the percutaneous followed in that 
Older , also there seemed little doubt that the flagellate stage was less infective 
than the ‘ round ’ stage, and that with the former larger and repeated doses would 
be necessary These pieconceived opinions influenced oui decision regarding the 
size of the dose and the number of aimnals used m each expeiunent , we used five 
hamsters in the group in which we thought infection was either certain, or very 
unlikely, whereas with those about which we felt uncertain we used ten hamsters 
Weie we to do the experiment again we should make many modifications , we should 
certainly give much smaller and onlj single doses throughout 


TnCHNIQOL 

The hamsters — Each hamster was kept in a separate cage which was labelled by 
means of a metal disc wued to the cage , on this disc the letters of the group to 
which the hamster belonged aud its own number in that group were painted, in 
white letters on a black background in the flagellate scries, and in red on a white 
background m the ‘ leishmania ’ senes Each group of hamsters was kept on a 
separate tray and during the process of administration of the doses only one tray 
was brought into the field of operation at one time Except when they were given 
then doses, no hamster was ever taken out of its cage , the stale food was shaken 
through the bottom of the cage and fresh food added daily without the hamster 
being touched (This food consisted of soaked gtam and a small piece of green-=tufE, 
usually cabbage) There was thus no chance whatsoever of hamsters becoming 
interchanged If a hamster died durmg the experiment, he was usnaUv replaced by 
another hamster which was then given the appropriate dose or doses of infecting 
material 

The jIageUate cultmes —These were first sub-cultures, 12 days old, onNE'N 
medium The strong ’ doses consisted of the condensation fliud from one tube of 
medium, and the dilute doses of about 0 1 c c of diluted culture, estimated by 
direct counting m a hsemoevtometer chamber to contain 300,000 flagellates 

TAe ‘ leishmania ’ forms —These were obtained by killing an infected hamster 
and emulsifying the spleen and In er under aseptic conditions Citrate sahne was 
added to tins emulsion which was then filtered through a coarse filter-paper This 
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constituted tlie ‘ stiong ’ emulsion A rough estimate of the numbei of parasites 
pel cubic centimetre was made with the aid of a counted pigeon’ s-blood suspension, 
and the emulsion was diluted with citrate saline to contain about 300,000 parasites 
per 0 1 c c , for the ‘ dilute ’ emulsion 

The adimmUi ation of the doses — The repeated doses were given at weekly 
intervals, ten doses being given in each case The oral doses weie given from a 
hypodermic syringe with a blunt needle, usually into the pouch of the hamster 
The subcutaneous doses were given under the skin of the back, so there was no 
chance of accidental inoculation into the peritoneum The percutaneous doses 
were given by strapping the hamster on its back, shavmg the abdomen, scarifying 
with a hypodeimic needle a small area on the shaved patch, gently spreading a drop 
of infecting mateiial ovei the scarified area, and leaving the hamster tied up until 
the area was qmte dry AVe watched the hamsters to see if they attempted to hck 
the scarified area, but in no case was this observed In the case of the repeated 
percutaneous doses, the foui quadiants of the shaved aiea of the abdomen vere 
scarified in turn In the case of the conjunctival doses two or three drops were 
dropped on to the open eye at half-miiiute intervals 

The examination of the hamsters — In a few instances the hamsteis died towaids 
the end of the cxpeiunent and were not replaced These were examined , smears 
were made from both spleen, liver and bone-marrow, and cultures were sometimes 
attempted, but they were contaminated in every instance In the case of the 
groups which were expected to be ‘ positive ’ a preliminary hver puncture was 
done to obviate sacrificing the animals , if this were positive, the annual was not 
killed, but if it V ere negative the animal was sacrificed in the usual way and cultures 
made fiom its organs The remainder of the hamsters were killed between six 
and eight months from the beginning of the experiment and the spleen and liver 
examined both cUiectly and by cultural methods The procedure we adopted was 
that described by Christophers, Shortt and Bariaud (1926) , pieces of spleen and 
livei were emulsified separately and two N N N tubes inoculated from each Only 
in the case of one of the sacrificed ammals were the tubes contaminated , in those 
cases in which animals died all the tubes were contaminated 

The results of the two sets of experiments aie given in the two tables below 

The degree of infection — There is no very satisfactory way of deciding on the 
degree of infection exhibited by the animals AVe adopted a system of giving one, 
two, three or four plus signs in each case in which paiasites were found in the smears , 
but the distinctions were necessarily arbitiaiy and it is doubtful if the method is of 
much value on this account It is, howevei, possible to divide the infected hamsters 
into three classes, namely, those in which infection was demonstrable by livci 
puncture, those in which it was demonstiable in smears from the organs, and those 
in which it was demonstrable bv cultuial methods only It is probable that these 
indicate three distinct degrees of infection Unfortunately, liver puncture was not 
done in every case , m fact in the ‘ flagellate ’ series it was only done in five cases, 
in all of which it was ‘ positive ’ In the other series it was done in 33 cases, of 
which 15 had received doses by the mouth, 15 by subcutaneoub injection, and 3 
by mtiapeiitoneal injection , in these thiee groups 3, 7 and 2, respectively, w'ere 
‘ positive ’ Or, to compare them more in detail, in the OBD and SED groups 1 in 3 
and 5 in 5 were positive, in the OSS and SSS groups 1 in 4 and 0 in 4 were positive, 
and m the OSD and SSD groups 0 in 6 and 2 in 6 were positive, respectively 
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The flagellate senes — There ^\ere very few anomalous results in this series, 
that IS to say m practically every group there i\ere fewer negative results in the 
‘ repeated ’ than in the ‘ single ’ and in the ‘ strong ’ there were fewer than in the 
‘ dilute ’ sub-groups Furthermore, in the ‘ intraperitoneal ’ group parasites were 
found in the spleen smears in c\eiy case 

Comparison betueen the diflfeient routes — The ‘intraperitoneal’ route is, of 
course, the most certain , i\e really introduced this group as a control The 
conjunctival route is obviously the most uncertain , in no instance was infection 
produced in this group, but unfortunatelv only single doses were given, though 
these were of the undiluted flagellate culture The subcutaneous is the next most 
certain route , it will be seen from column 10 of Table I that there were 33 ‘ proved- 
positive ’ to one ‘ pro\cd-negative ’ result, the only failure by this route being one 
in which a hamster was given a single dilute dose In this group all the animals 
were heavilv infected, as the ‘ negative ’ hamster was the only one in which parasites 
were not found in the smears In the ‘ oral ’ group the infection rate was not so 
high, the ‘ proved-positives ’ to ‘ proved-negativcs ’ being 22 to 5, and furthermore 
in 4 other hamsters the infection was not sufficiently heavy to be noted in smeais 
The ‘ percutaneous ’ group provided a larger number of ‘ proved-positive ’ results 
than we had been led to expect, but in half these the infection was only demon- 
strable by cultural methods, therefore, though the proportion of ‘ proved-positives ’ 
to ‘ proved-negatives was greater in this group, it cannot be placed above the oral 
group The various routes can be placed in the folloiving order according to their 
potentiahties m allowing the entry of the infecting orgamsm in its flagellate 
stage The peritoneal, the subcutaneous the oral, the percutaneous and the 
conjunctival 

The ‘ round ’ or ‘ leishmama ’ senes —In this series there are a few apparent 
auomabes We reduced our lutraperitoneal group to five and gave only diluted 
material Unfortunately two of the animals died prematurely , m one case no 
parasites were found in the direct smear, but the infection was afterwards proved by 
culture Agam, we omitted the ‘ repeated strong subcutaneous ’ doses because we 
thought that thev must inevitably all be ‘ positive ' In the ‘ subcutaneous single 
strong ’ sub-group there w ere 3 ‘ proved-negative ’ to one ‘ proved-positive finding , 
this IS a surprising result, especially as in the group with the dilute material the 
results were reversed and there were 8 ‘ pro\ ed-positive ’ to one ‘ proved-negative ’ 
results The explanation may be that in the uncbluted spleen emulsion there was a 
large amount of antibody present which prevented infection, but the more bkely 
explanation appears to be that a sharp local reaction was set up and the parasites 
shut off and destroyed 

Comparison of the different routes — Our results with the intraperitoneal route 
were too lew to stand alone as er idence of the supeiiont} of this route, but, such as 
they were, they added confirmatory evudence to the v ell-established opimon that 
this IS the route by which infection is most easily produced In order to compare 
the subcutaneous ^ ith the oral group the ‘ repeated strong ’ sub-group should be 
excluded in the lattei group but even if this sub-group is not excluded the proportion 
between the ‘ proved-positive ’ and the ‘ proved-negative ’ is distinctly greater in the 
subcutaneous group .Uso^ the liver puncture results, referred to above, indicate 
that the degree of infection u as greater m the subcutaneous group, as in 7 out of 15 
instances the parasite was found by liver puncture, against 3 out of 15 in the oral 
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group However, the oral group gives definitely better results than the percutane- 
ous In this series the conjunctival route also provides a number of ‘ positives ’ ; 
the results are not strictly comparable to those of the conjunctival group in the 
flagellate series, as in the ‘ leishmania ’ series we gave repeated doses in 5 cases 
However, even with the single doses two positive results were obtained The 
various routes can be placed in the following order according to their potentialities 
in allowing the entry of the parasite in its leishmama stage The peritoneal, the 
subcutaneous, the oral, the percutaneous and the conjunctival 

Comparison between the injectivity of the flagellate f own and the leishmama 
fown — There are a few ciiticisms that could be made if we attempted to lay too 
much emphasis on the strict comparability of the results in these two series of ex- 
periments The number of parasites of each phase given was of course not exactly 
the same In the case of the dilute doses an attempt was made to bring the parasites 
to about the same figure, namely, 300,000, but the methods of estimation were 
necessarily rough In the case of the strong doses no such attempt was made 
There is no doubt that there were many times as many parasites in the strong 
emulsion as there were in the flagellate cultures , no attempt was made to 
concentrate the latter, as was done in the case of most of the earlier experiments 
we have referred to above 

'Another pomt of drfference was that the experiments were carried out at a 
different tune of year , the first, the flagellate, series commenced in October and the 
other series in April , the reason for this was that we wanted the infected hamsters 
of our first series as the somce of material for the second It seems very imlikely 
that either the difl:erence in the time of year, or the longer residence of the second 
batch of hamsters under laboratory conditions would in any way affect the results 
of the experiments 

Lastly, the medium in which the paiasites were suspended prior to inoculation 
was different in the two sets of experiments , in one case there was a large amount 
of cellular debris from the emulsified spleens and livers, whereas in the other 
the parasite was suspended in citrate saline in which a little hsemoglobin was 
dissolved 

The presence of this foreign matter might have lowered the ammals’ powers of 
resistance to infection , on the other hand, the addition of so much antigenic matter 
might have increased them, passively 

With these reservations, a compaiison between the two sets of figures in the 
two tables can be made 

Takmg each series as a whole we see that in the flagellate series of the 89 cases 
in which a ‘ proved ’ result was obtained 73 or 82 per cent were ‘ positive against 
45 out of 63 01 71 pei cent in the leishmama series, and in the saciificed animals 71 
per cenr of the smears were positive in the former series against 55 per cent in the 
latter 

Comparing the corresponding routes in each set, we see that in the oral, sub- 
cutaneous and percutaneous groups the infection rate is higher in the flagellate 
series, whether the results are judged on the smears or on the cultural findings, but 
that in the conjunctival group the leishmama form appears to be infective whereas 
the flagellate does not , by the peritoneal route the results were consistently positive 
in whichever stage the parasite was injected 
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\s any numerical advantage that there was was m favour of the leishmama 
stage, lie must conclude that the flagellate stage is the more infective stage by 
every route but the conjunctival 

In view of the fact that there has been much speculation on the subject, that 
some work has been done to find out which is the infective ’ form of LeisJiwanta 
donoiam, and that various so-called ‘ post-flagellate ‘ encysted and granular ’ 
forms ha%'’c been described and special powers of infectivity attributed to them, it is 
interesting that in the fir«t large senes of comparative experiments the results should 
pomt to the flagellate being the most mfcctive form We chose 12-day cultures 
because the results m a previous infection experiment with mice (Napier, 1927) 
mdicated that there was little increase m the infectivity of an N N N culture after 
the 12th day The earlier flagellate is quite possibly as infective, but younger 
cultures would contain fewer parasites In the case of the conjunctival inoculations 
it seems probable that the parasites do not gam entry through this membrane, but 
are washed down the laciymal ducts and gain entry somewhere m the intestmal 
canal , m the case of the'fiageUates the lacrymal flmd apparently killed them, 
whereas the mtracellular leishmama form were able to smnve 

Splenic enlargement — In every case the si/e of the spleen of the hamster was 
observed Again, an arbitrary method of noting these observations was adopted , 
and they were marked as ‘ normal ’, * ‘ enlarged ‘ defimtely enlarged and 
‘ enlarged two, three or more tunes ’ For analysmg our observations we have only 
included those cases m w hich the animal was sacrificed, and we have divided the 
enlarged spleens mto ‘ defimtely enlarged ’ and ‘ markedly enlarged ’ , the latter 
group includmg all spleens enlarged three times or more The results are shown 
below — 


Size o£ spleen 

Normal 

1 enlarged 

t 

1 DefimteK enlarged 

Markedly enlarged 

infected hamsters 

j 10 (13 3 per cent) 

j 13 (20 per cent) 

13 (20 per cent) 

33 (46 72per cent) 

Hamsters m which 
mlection was only 
shown hy cultural 
methods 

5 (33 7 , ) 

5 (35 7 „ ) 

1 

i 

2 (14 3 

.. ) 

2 (14 3 

.. ) 

Hnmlected hamsters 

24 (63 6 „ ) 1 

6 (17 1 „ ) 

i 

1 

4 (114 

) 

1(2 8 

» ) 


It IS obvions that there is a very defimte correlation between splemc enlarge- 
ment and infection, though this correlation is not complete , in 10 mfected hamsters 
the spleen appeared to be normal, and m 5 m which it appeared to be enlarged no 
infection could be demonstrated The fact that the cases in which infection is 
scanty, i e , demonstrable only by cultural methods, show' a dem-ee of splemc 
enlargement less than the heavily infected but more than the uninfected cases does 
not suggest that these are instances m which the infection has been nartiallv over- 
come by cellular response ^ ^ 
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Summary and conclusions 

A senes of compniative infection experiments have been carried out with 
Leishmania donovam, the causative organism of Indian kala-azar, in its flagellate 
stage as it is encounteied in cultiue tubes, and in Natuie in the sandfly, and in its 
‘ round ’ or leishmania stage as it is encountered in the blood and organs of its 
vertebrate hosts 

The susceptible vertebrate host used in the experiments was the Chinese 
hamster, Cncetulus guseus, and the parasite was admimstered by five different 
routes, the rntraperitoneal, the subcrrtaneous, the oral, the percutaneous and the 
conjunctival 

A high percentage of infections was produced by both forms of the parasite by 
all loutes but the conjunctival, and bv this route the leishmania form caused infec- 
tion though the flagellate form did not 

Except when administered by the conjunctival route, the flagellate stage of the 
parasite showed greater powers of infectivity than the leishmania stage 

The rntraperitoneal was the most certain route by which to bring about infec- 
tion , the next in order was the subcutaneous, then the oral and the percutaneous 
and, lastly, the conjunctival 

Theie was considerable correlation between splenic enlargement and the degree 
of the infection in the hamsters 


The points of particular interest are — 

That the hamster is an extremely susceptible animal as evidenced by the high 
percentage of infections produced by comparatively small single doses 

That the flagellate form enters and establishes itself m the tissues of the host 
more readily than does the leishmania form 

That the parasite readily enters through an abraded skin surface 
That the infection rate in our series of experiments w'as higher than that of 
most other workers , this was probably because we kept our hamsters for longer 
periods before sacrificing them and because we confirmed our findings by cultural 
methods 


REFERENCES 


Chbistophebs, S R , Shobtt, H E , and 
Babbaud, P J (1926) 

Hindle, E , and Patton, W S (1926) 
Khaw, 0 K (1930) 

Shobtt, H E , Cbaighbae, A C , Sjiith, 
R 0 A , and Swaminath, C S (1928) 
Idem (1929) 

Shobtt, H E , and Swajiinath, C S 
(1932) 

Sjiyly, H J , and Young, C W (1924) 
Young, C W , Smyly, H J , and Bbown, 
C (1926) 

Young, C W, Hebpig, M, and Liu, 
Pao Yung (1929) 


Ind Med lies Memoir, No 4, pp 78-9 


Proc Boy Boc , B, 100 , pp 374-79 

Proc Soc Exper Biol <L Med , 28 , pp 231-34 i 

Ind Jour Med Rei , 16 , No 2, p 271 


Ibid, 17 , No 1, p 335 

Ibid , 20, No 1, p 135 


Proc Soc Exper Biol d Med , 21 , p 354 
Amer Jour Hyy , 6, No 2, pp 254-75 


10 , No 1, pp 183-200 


Ibid, 



[nd Jour 


.^[td lies , XXI, 2, Oclohcr, 1933 


IS HALOMETRY RELIABLE « A STATISTICAL VIEW 


BY 


H P CHAUDHURL m b (Cal ), d p h (Lond ), d t m & h 
(L ond ), p R s s (Lend ), 

aonoranj P..a,cl. ^yorla. An-J,..l^ I «/ Hw,e„e FM.c 

Health, Calcutta 

[Received for publication, May 22, 1933 ] 

Dr ilAPLESTOKE of cells both ^ ell as by the 

diameters of a large number of to test the reliability of the latter 

method of aifiraction (halometiy) with a ^ ^ histograms which 

He has sent me his observational data to e ^ following pages I have 

ssri'Son— ^ ^ 

the results of my studies of his figuies 

To— 

1st series , , , blood of the above ten, consisting of 

(2) Observations by the Salome person— 10 in all-^uide Table 

averages of six readings taken on two slides for eacn pe 

II, 2nd series, C i,alnTnptpr on blood of the same ten b^sed on readings 

takei'irt^TS^oJ fiv^^ one shde only for the rest-altogether 90-Pide 

“(tS sp—Tif Mood .11 Obtamed Iron, the same tea .adwdaals and as 

nearly as ^ ^^^TWons^te m making a thin dried blood film on a glass- 

1 J ^ ^ to two places of decunalsm/f the length and breadth of 

Seb oi“l” atag tbe means The mean dsameter o{ 500 cells ,s taken to represent 
the mean diameter of the red cells for any specimen of blood 

The halometer method —As described by Eve (1929) this consists in loo^ng at 
the twt colouied haloes inside the halometer, and movmg these towards each other 
uAtil then red ed^es lust touch A scale records the angdar measmement and by 
reference to a prmted table, the aierage size of the red cells can be obtamed 

( 315 ) 
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, The statistical pkocedure 

The statistical analysis adopted by me consists of two parts The first part is 
concerned duectly with the inquiry in question (i e , reliability of halometry), and 


Graph 1 

Hzstogiam of 4,991 obseivahons {giouped by 3) 
(P Jones’ method ) 



Graph 2 

Htstogiam of 4,991 observations {by individuals) 
(P Jones’ method ) 



the second part deals with the type of curve and the actual matheniatica , 

which fits best the blood cell population Por either purpose it was found assen 
to rearrange the data m a suitable manner 
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Thougli the data have been supplied to me m carefully classified groups, such 
classification alone does not meet statistical needs nor bring out clearly the sigm- 
ficance of the results My object has been therefore to rearrange them in such a 
way that quantitative defimtion of the characters of the frequency distributions 
can be elicited and the corresponding characters of the two senes may be quantita- 
tively compared The observations in each series have been rearranged as shown in 
Tables I and II Tables III, IV and V contam my calculations In Tables VI 
and VII IS given the summary of the results obtained Graphs 1 to 5 give the 


Graph 3 

Histog)a»is of ten individual cases 
(P JoifES’ JIETHOJ? ) 
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results m form of charts Prom a perusal of these tables and charts the 
following mil be evident — 

The two parameters, mean ^ x— j-s (x) ^ and standard deviation 

have been calculated from the first two moments of the 

samples As these two are especially related to normal distribution, these two 
alone are sufficient for summarizing tne whole of the information as to distribution 
J, HR 


Number of red celh Number of red cells Number of red cells Number of red cells Number of red cells 
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wlucli tlie sample provides The calculation of the third and fourth moments 
would not have been necessary but for determimng the type of curve as well as 
the formula that woidd fit it best In order to attam this the measurements 
of diameters have been grouped together m equal intervals of the variate up to 
three decimal points and all the calculations have been carried out as shown 
in Tables III, IV and V The workmg means have been selected about the 
central groups Two coirections have been appbed, one for the fact that the 
workmg mean differs from the true mean and the second because of grouping 
The latter is known as Shepherd’s coirection 0 125/1 in the first series 
and 0 100/1 lu the second senes have been selected as class umts 

As the third and fourth moments by themselves are not sufficient to test the 
departures from normal distributions, from each of them two special functions, 
/3i and Pzy have been calculated, which m turn have given the values of a 



Diameteis in }i 

quantity yi This is 0 for a normal distribution and is distributed normally about 
0 tor a large sample It is really a measure of asymmetry, while y 2 calculated 
from the fourth moment measures the type of departure from the normal form, 
by which the apex and the two tails of the curves are found at the expense of the 
intermediate portion 

iloreover, to bring out the significance of the results more distmctly two thmgs 
ha\ e been done, first the errors of sampkng have been estimated in each case and 
secondly a series of sixty observations have been chosen and its results compared 
with the results of 100 observations of the second series Over and above the 
means have been compared, the normal type of distribution has been shown by 
means of polygons for each case, and the differences m variation amongst 
themselves have been brought out by means of histograms ® 
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Having thus obtained the fiequcncies, the mean, the standard deviation and 
the type of curve, it will not be difficult to constiuct a curve As regards the first 
senes, the mathematical expression for curve being known, I have been able to 
evolve a formula which will fit the curve best The theoretical curve which is 
calculated in this way is expected to correspond exactly with the curve of the 
observed data only if the whole of the infinite population could be measured As 
that IS, however, practically impossible, the large number (5,000) of cells has been 
measured, and we find that the actual and the expected curves do not tally exactly 
owing to the error of random sampling But the only satisfactory test for the good- 
ness of its fi.t IS ‘ Chi-squaie ’ of Karl Pearson (1911) which has not been adopted 
here for want of space 

Discussion op results 

Almost all the distributions of human attributes give normal curves, and it 
may be presumed that the red cells of the blood are no exception The two principal 
characters in which such cases of normal distribution diftei are its averages and 
dispersion, i e , in the values of the variables round which they centre and in the 
range of variation Over and above these fundamental characters the degree of 
asymmetry is of some value 

As regards the averages the value of the mean is not sufficient though it may 
serve for general purposes The leason is that the mean does not represent the 
mode in case of asymmetrical distribution and that its value might be consequently 
misleading They are not identical in our second series For the same reason the 
value of the median has been estimated Though the ealculation of the mean alone 
IS sufficient for the first part of our inquiry, it is not enough for finding out the type 
of curve or for testing the departure from normal distribution 

As regards the range of dispe)sion the simplest measure of the dispersion of a 
series of values of a variable is the actual lange, i e , the drfierence between the 
greatest and the least value observed There are three such common measures, 
but standard deviation being the commonest and the best we have calculated that as 
well as the range of dispersion In the first series it is 5p to 10;t because it is a 
distribution of the original population of cells, while the range is Ip to 8p m the 
second series because it is a distribution of means of such samples Similarly, 
the standard deviation is higher m the first senes than that of the second The 
reason is the fewness of the number as well as the lunitatioii of the variation 
The coejjicient of variation (c v ) calculated is merely the relative variability o^ the 
frequency distribution 

The parameter'!, however, give the characters of the population Thus, from 
the various moments the two special functions, Pi and ^2, as well as from yi 
and 2/2) ^'6 have found that the first series of distributions represents a normal 
type, while the second series does not Thus, with an ordinate at twice its 
standard deviation or three times the probable erioi, 98 per cent of cases he 
within the limits in the first series The skewness, the distance from the mode, 
the kurtosis and the ciiterion clearly indicate that the type of curve of the seconc 
IS not noimal From further analysis and comparison of the two senes, 
II(A.) and IT(-B), we can clearlv see that though it is not exactly irorma , 1 
has a tendency to be so as the number of frequencies are increased Fisher (1 -0/ 
says that if a quantity be normally distributed with standard deviation len 
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the means of landom samples of n such quantities are noimally distributed with 

standard denation -7^ Even when the original distributions were not exactly 
V n 

noimal, that of the means usually tends to normality as the size of the sample 
increases Now, given anv frequencj of a variate, the frequency of random 
sample of the means of 50 or 100 such variates is well known If and 
^2 are fundamental frequency constants of the primitive frequency then 

5, — ^ and Bt— 3 = ^ are the fundamental frequency constants of the 

derived frequency of the means of >i vaiiates at a time, such means being 
calculated out of this primitive population Thus, the mean of the means is the 
mean of the primitive population and the S D , the only other constant 

needed, is — The population of the means should thus tend to become 
V n 

rapidly Gaussian Noi\ , Greeuv ood (1909) m a smulai case has shown that the 
means of 25, 50 or 100 leucocytes, as obtained from the slide population, do not 
follow this rule but give fai more skew distribution Apart from these consi- 
deiations, factors such as personal error and the functional error and the error 
of sampling, have to be considered before definite opinion on the significance of 
the results can be expressed The readmgs taken by difiierent observers the 
techmque of preparing the slides, and the method of calculating may all contribute 
to the cause of the deviation from the normal 

As the distributions have been taken from similar materials, we should expect 
that they should be in general of similar form but if they do not, then v e may 
presume that these must be due to some defect in the apparatus or in the 
techmque 

Conclusions 


Measurements of 5,000 red blood corpuscles have been considered in the 
preceding pages and these had been taken from ten healthy persons almost about 
the same tune, when (a) the first series consists of 5,000 observations by P Jones’ 
method, (b) the second A series consists of 100 observations on the means by the 
halometer and (c) II B series consists of 60 observations of the means by the same 
method I find that — 

(1) The type of curve fouud m the first series is noimal and the best fitting 
curve IS Y = 368 714 

(2) The curves of 500 cells of each of the ten individual cases show satisfactory 
goodness of fit with their respective normal curves 

(3) The curve of the II A series is not of normal type but it tends towards 
uoimahty as the number m the sample increases 

(4) There is a difierence m the curvature of the first series if taken individually 
and in groups of three each 

(5) There is a difference in the curvature between the first and the second 
senes Such result is consonant with the ‘ working eiTors ’ due to the variation of 
random samphng over and above the differentiation resulting from defective 
technique or from mdividual peculiarities in measuring and recordin" 

(6) The means of the first and second series aie not significantly^ difieicnt 
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Is Halomet) y ReUable ^ A StaUstical View 


It will be evident fiom tlie above that theie is hardly any difference between 
the results of the two methods foi measuring the average diameters of red blood 
coipuscles The halometei can therefore be safely relied on 
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APPENDIX 
OBSERVATIONS 
Table I 
P Jones’ method 
(1st senes ) 


Diameters 
m ji 

1st 

2ud 

3id 

4th 

5tli 

6th 

7th 

8th 

9th 

10th 

Total 

Regrouping 
by three 

4 600— 

■ 

1 

2 








5 


6 000— 


1 

1 








3 

3 

5 125— 

■ 

2 









3 

3 

5 260— 

B 

i 1 

2 








4 

6 

5 376— 

1 

1 

1 

1 

6 







9 

10 

6 500— 

1 

1 

2 

1 

2 1 

1 

2 

8 



18 

16 

6 625— 

3 

2 

2 

1 

1 

1 1 

2 

5 

5 


22 

24 

6 760— 

8 

6 

2 

2 

1 

1 

2 

i 

2 

1 

2 1 

8 


33 

29 

6 875— 

4 

5 

8 

1 

3 

11 





1 

32 

62 

6 000— 

9 

9 

12 

4 

1 

2 

8 

11 

20 

16 

91 

74 

6 125— 

12 

4 

11 

6 

2 

5 

10 

10 

17 

22 

99 

107 

6 250— 

15 

1 

1 

17 

1 

3 

5 


18 

20 

31 

121 

124 

6 375— 

18 

13 

11 

11 

6 

8 

21 

22 

22 

21 

153 

179 

6 500— 

40 

23 

22 

18 

10 

18 

27 

38 

31 

36 

263 

215 

6 625— 

29 

23 

25 

19 

IS 

15 

27 

21 

31 1 


220 

273 
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Table I — concld 


Diameters 

111 /£ 

1st 

2nd 

3rd 

4th 

6th 

6th 

7th 

8th 

9th 

10th 

Total 

Regrouping 
by three 

6 750 — 

40 

21 

33 

21 ' 

1 

15 

28 


50 

43 

35 

326 

280 

0 S75 — 

32 

25 

34 

17 

16 


37 

22 

45 

37 

284 

327 

7 000— 

48 

34 1 

42 

30 

15 

m 

45 

34 

44 

34 

372 

332 

7 125— 

32 

m 

35 

31 

35 

37 , 

39 

43 

27 

21 

340 

382 

7 250— 

37 

39 


44 

42 ' 

61 

41 

45 

53 

41 

433 

360 

7 375— 

28 

28 

29 

39 

35 ' 

39 j 

32 

19 

24 

33 

306 

385 

7 500 — 

41 

49 

43 

{ 

52 • 

37 j 

42 1 

34 

40 

42 

38 

418 

331 

7 625— 

21 

28 


35 

39 ' 

27 1 

30 

24 

23 

12 

i 269 

333 

7 750— 

26 

43 

31 1 
1 

35 

47 ' 

32 j 


29 

18 

20 

311 

258 

7 875— 

14 

31 

16 

24 

31 ^ 


22 

15 

12 

8 

193 

227 

8 000— 

18 

18 

12 

18 

32 1 

21 

19 

j 15 

9 

14 

176 

164 

8 125— 

10 

12 

14 

19 

17 

29 

9 

1 

1 5 

1 

6 

3 

124 

140 

8 250- 

3 

17 

13 


31 

21 

8 

' 6 

2 

5 

121 

102 

8 375— 

4 

3 

9 

12 

12 

7 

2 

7 

2 

2 

60 

80 

8 500— 

1 

5 

4 

13 

21 

6 

4 

1 

4 


69 

52 

8 625— 

3 

5 

2 

4 

9 

2 

3 

3 

I 

4 

36 

40 

8 760— 

2 

2 

4 

6 

7 

3 

3 

1 

1 


29 

26 

8 875— 

1 

4 

2 

2 

2 

2 





13 

18 

9 000— 

4 

4 

5 

6 

4 

1 


\ 



22 

14 

9 125— 

3 

4 



1 

1 





7 

12 

9 250— 

1 

2 

3 

1 

1 






7 

6 

9 375— 

1 

3 






1 



4 

4 

9 500— 

1 










1 

2 

9 625— 

2 










2 

1 

9 760— 

0 










0 

1 

9 876— 

1 










1 


10 000— 

1 










1 


Totals 

520 

612 

609 

499 

495 




510 

451 


4,991* 


, Loss of mno frequencies owing to discarding of the fractional part m regrouping 
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Tawk H 
P tTonts* iiutJuyil 
(2nii sonos ) 


Piinu'toTN in j, 

j 

B 

! 

1 

c 

B 

1 

c> c\^ — 77 

1 

! 

I 

1 1 

n — ii S7 

\ 

1 > 

1 2 

1 

■» 

07 ; 

I ' ' 

1 %> i 

! 1 


11 '^S— 7 07 j 

1 4 

1 1 

1 

(1 

7 0^—7 )7 

! 1'^ 1 

1 n ' 

' > 

17 

7 !<!— 7 2 ' 

12 

^ 0 

1 

11 

7 2<!-7 '^7 

H 

n ' 

> 

111 

7 '>■^7 -17 


12 1 

1 

> 

ll. 

4 '^•^—'7 > 4 1 

n 

10 

! ^ 

1'2 

7 — 7 07 

1 

1 ' 

j 

1 

7 11 — 7 77 

1 

1 


1 

TOTVt,-! 

100 

iiO 

10 

•10 


OALCITLATlO^i? 

Tvkip in 

Cah'ulaliO)} of ivnatioi^^ 
(Ur 


1 

Bii n'U'r' 

IV'Oiiin 

eo 

l\'\niion> 
Irani aniw 

Ol 

IV'oiu'nov 

\ 

1\'\ 1 ition 

n 

IVoiii'ii''' 

\ 

(lliMilion)- 

P~ 

IVi qUi lU ^ 

\ 

(llinntion)* 

J 

1 ixN)iu'nc\ 

\ 

(llOMltlO.lV 

P' 

VOOO— M21 


!•> 

17 

1 04? 

20,177 

1 

100 'It'? 

••i 1'2W% 2-.‘'l 

> 

> 

14 

14 

•172 

17 01o 

11 1 o:4 

T 2^0 — 'i 27 1 


- 17 

4', 

1,111 

21 7i>l j 

1 

Il7,t)0> 

> 27 ^ ~iM 11 

10 

lo 

Iwl 

2,1()0 

10 •loO 1 

0 >7 lliO 

A "SOO — > cO-l 

1 > 

11 

210 

1 (lOO 1 

I 

74 000 ' 

410 OOl 

2 i\27 — 7 1 1 ' ' 

2 ! 

It 

Vln 

4 701 

1 

ivO 4,7l> 

OJl 'PI 

"i 7 lO — 0 ■'74 ^ 

2'> 

11 

I ^4 4 j 

4,*101 

0.1 71 ? 

s2^ 2t.O 

2 111 , J 

1 

-1'2 

(Ol 1 

7 144 

40 4.)i) 

1 074.272 


I 

11 

' 41 J 

Nl'-l 

04,401 

1,0''.? 1 14 


1 

1 lu7 

- 10 

1 O'O 

1 

lOToO 

l(l7 IK»0 

1 o70(Hki 
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Tablk HI— conld 


Diameters 
m ji 

Frequency 

(/) 

Deviations 
from oiigin 
(^) 

Prequenoy 

X 

Deviation 

/•« 

Prequenoy 

X 

(Deviation)’ 

fx- 

Prequenoy 

X 

(Deviation)’ 

fx~ 

Prequenoy 

X 

(Deviation)* 

6 250—6 37-1 

124 

- 9 

1,116 

10,044 

90,396 

813,604 

6 376—6 199 

179 

- 8 

1,432 

11,456 

91,648 

733,184 

6 500—6 624 

215 

- 7 

1,605 

10,635 

73,745 

516,215 

6 625—6 749 

273 

- 6 

1,638 

9,828 

58,968 

353,808 

6 750—6 S74 

280 

— 5 

1,400 

7,000 

35,000 

176,000 

6 S75— 6 999 

327 

- 4 

1,308 

5,232 

20,920 

83,712 

7 000—7 124 

332 

- 3 

096 

2,988 

8,964 

26,892 

7 125—7 249 

382 

! _ 2 

764 

1,528 

3,056 

6,112 

7 250—7 374 

360 

- 1 

360 

360 

1 1 

360 

360 

7 375—7 499 

385 

! 

0 

1 0 

1 

0 

0 

7 500 — 7 624 

331 

+ 1 

331 

1 

' 331 

331 

331 

7 625—7 749 

333 

+ 2 

666 

1,332 

2,664 

5,328 

7 750—7 874 

258 

+ 3 

774 

2,322 

6,960 

20,898 

7 87 )— 7 999 

227 

+ 1 

90S 

3,632 

14,528 

58,112 

8 000—8 124 

101 

+ 5 

S20 

1,100 

20 500 

102,500 

8 125— 8 249 

140 

+ 6 

840 

5,040 

30,240 

181,440 

S 250—8 374 

102 

+ 7 

714 

4,998 

34,986 

244,902 

8 375—8 499 

80 

+ 8 

640 

5,120 

40,960 

327,680 

8 500—8 624 

52 

+ 9 

468 

4,212 

37,908 

341,172 

8 625—8 749 

40 

+ 10 

400 

4,000 

40,000 

400,000 

8 750—8 874 

26 

+ 11 

286 

3,146 

34,606 

380,666 

8 876—8 999 

18 

+ 12 

216 

2,592 

31,104 

373,248 

9 000—9 124 

14 

+ 13 

182 

2,366 

30,758 

399,854 

9 125-9 249 

12 

+ 14 

168 

2,352 

32,928 

460,992 

9 250—9 374 

6 

+ 15 

90 

1 350 

20,250 

303,750 

9 375—9 499 

4 

+ 16 

64 

1 024 

16,384 

262,144 

9 500—9 624 

2 

+ 17 

34 

578 

0,826 

1 

167,012 
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Is Halometnj Rehahle^ A StaUsHcal Vzeiv 
Table III — concld 


Diameters 
in p 

Frequency 

(/) 

Deviations 
from origin 
(») 

Frequency 

+ 

Deviation 

fx 

Frequency 

+ 

(D6Viation)= 

Frequency 

+ 

(Deviation)’ 

Frequency 

+ 

(Deviation)* 

fx* 

9 625—9 749 

1 

+ 18 

18 

324 


104,976 

9 760—9 874 

1 

+ 19 

19 

361 


130,321 

Totals 

4,991 


-6,698 

154,558 

-547,944 

14,545,018 


Moments about the arbitrary oiigin 7 437/* 


i'i= - 1 34201 

Mean —7 270/* ± 0 0063 

» o= + 30 967 

Mode - 7 289/* 

1/3= _ 109 786 1 

Median - 7 270/* ± 0 00791 

>',= + 2,914 24 

S D - 0 674 

Momenta about the actual mean 

C V - 9 270 

TTjSs 0 

Skewness-0 029399+0 01168 

TTj = V2 - v,= = 30 967 - (- 1 3420)= =29 166 


TTj = - 3 iq jq + 2 )q= = - 109 786 - 3 ( - 1 3420) 30 967 + 2 {- 1 3420) == 10 062 

7r^=v^-4 Jqvj+e v.’i'-a )q* == 2,914 24 - 4 ( - 1 342) 

( - 109 786) + 6 ( - 1 342) 


{ - 109 786)-3 (- 1 342)* 2,649 818 

Shepherd’s corrections are — 

= 0 

/<_, = TTj - 0 08333 = 29 083 


/ij = TT^ = 10 062 


;(, = TT, _ ^ TT. + 0 29167 = 2,649 818 - 14 683 + 0 029167 = 2,635 264 
Besides the moments, two simple functions 


n }h- (10 062)= 

~ “ (29 083)= 


= 0 0041705 



2,635 264 
(29 083)= 


3 1156 


Two measures of symmetry = 
±V^=± 0 0646 
?/, = /3„_3 = +0 1166 
Skewness - 0 029399 ± 0 01168 


Criterion — 0 0014092 

X- 


Type of curve, Y = Yo® 

_x- 

Best filling curve - y = 368 714 e ^ 166) 

d = 0 0198 ± 0 0073 (not significant) (distant from the mean) 
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Table IV 


Calculation oj Lanalionis 

(II A senes ) 


Average 
diameters 
m jc 

1 ^ 

(Frciimnct ) 

1 J 

Demauon 
trom ongm 
(in cla-s umta) 

Frequency 

X 

Deviation 

Frequency 

X 

(Deviation)’ 

Freqnencv 

X 

(Deviation)’ 

fx‘ 

Frequency 

X 

(Deviation)’ 

G dS— u 77 

1 

— G 

- 6 

- 36 

-216 

-1-1,296 

0 To — 6 37 

0 

—5 

15 ' 

- 75 

— 375 

-1,875 

0 6 97 1 

1 7 

— “ -K 

-28 i 

-112 

-443 

-1-1,792 

0 Qa — 7 07 

7 

-3 

-21 I 

- 63 

-189 i 

-f 567 

7-03—7 17 

1 19 

> 

-18 

T 7b 

-152 1 

t -r 304 

7 13—7 27 

1 12 

( -T 

-12 

-r 12 

1 - 12 

! -y 12 

7 20—7 37 

13 ! 

1 

0 

0 

1 

1 0 

0 

i 0 

7 33 — 7 47 


-1 

-r IS 

i 

I -i-lS 

j - 1 - IS 

1 

-j- 18 

7 4^—7 57 ' 

13 

1 

-r26 

t ’7*52 

1 -rl04 

-i- 208 

i Oi 

1 

-3 

- 3 

1 + 9 

1 + 27 

+ 81 

i oS— "7 77 

1 


-4 

— 4 

-16 

1 -J- 64 

-f- 256 

1 


100 

, -69 

T-i69 

-1,179 

-f 6,409 


■MomcnU about the arbitrurv onsin 7 33 
I = - 069 
I = - 460 
= -a 70 
1, = —04 09 

ilomenti? about the actual mean 
~ — o 

-_=v —I, =4 69 - 0 4761 =4 2130 

- = 1,- 3 2 = — 11 79 - 3 ( - 069) (4 69) - 2 { — 0 69)’= — 2 7387 

-. = i. -4 1, i. - 6 I ' i,- 3 = 64 09 — 4 ( _ 0 69 ) ( _ 11 79) 4. 6 ( — 0 69)’ (4 69) 

— 3 (—0 69),= 44 2670 


Mean - 7 261 yj ±0 136 

Mode — 7 326 ji 

Median — 7 316 ji ±0 172 

S D —0 2032 

C Y — 2 793 

Skewness — 0 31909 ±0 0823 


To the values 01 the moments given above certam corrections are necessary usmt' 
designate a corrected moment about the mean as ongm ° 


Shepherd's corrections are — 
i', = o 

= V, — 0 03333 = 4 1306 
/«, = -,= - 2 7337 
/". = ~i = I -1 -r 0 29167 = 42 4517 
Besides the moments two simple functions 


P. = '!2_= 

ic- 


* t 00 1 . 


( 4 1306 ) 
42 4617 


= 0 10642 


( 4 1306 y 
Two measures of symmetry 
s: V'^ = ± 0 326 
= ft— 3 = — 0 5112 


= 2 4888 


Ske-me=3 — 0 31909 i 0 0323 Distant of mode from the mean = 0 065 dr 0 0167 

— 3 ? 

Type of curve, Y = T, 


to 


Cntenon= — 0 2203 
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OBSERVATIONS OX THE MODE OF ACTION OF QUININE 

IN aiALARIA 

BY 

K Y KRISHXAX, me, mrcte, db (Lonfl ), d sc 
{Rala-azar Inquiry, Indian Research Fund Association, All-India Institute 
of Hygiene and Public Health, Calcutta ) 


[Received for publication. May 29, 1933 ] 


The views regarding the mode of action of qiumne in malaria aie still very 
varied YTiile some think that the drug attacks the malarial parasites directly 
others consider that it does so in an indmect manner by stimulating the natural 
processes of imm unity In a previous paper, the writer [vide Krishnan, Lai and 
Napier, 1933), presented evidence that lent support to the latter view Smee 
doing that he has had several opportumties to study the question further in 
monkey malaria (Plasmodium mui m great detail and to obtain more conclu- 
sive evidence in elucidation of this question By the adoption of the supra-vital 
staimug techmque as a routine for the study of blood cells it has been possible 
not only to recognize, with a high degree of accuracy, the two types of phagocytic 
large mononuclear cells composmg the reticulo-endothelial system (monocytes 
and histiocytes), but also to form a correct idea regarding the functional role of 
these cells m malarial immunity Takmg the evidence as a whole there appears 
to be httle doubt that several factors contribute towards cure m malaria, but 
that among these the one that plays the predommant part is the capacity of 
the cells of the reticulo-endothehal system to respond to the stimulus of infection 
by mobilization, proliferation and functional activation Administration of 
qmmne merely heightens these responses and when they are adequate the 
disease is overcome, otherwise not Eactors such as the direct action of the 
drug on the parasite and infected red cells, as well as biochemical and 
other alterations in the serum, help to augment the efficiency of the phagocytic 
mechanism to varying extents The writer has presented below the data 
collected by him on which these conclusions are based and it will be found that 
they lend support to his view 


* The strain of Plasmodium used, is the one discovered by Napier and Campbell in 193*1 in a 
M cynomolgus and later described by Knovles and Das Gupta (1932), and revieved by Sinton and 
Mulbgan (1932a) 

( 331 ) - 
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Mobilization of lauje mononucleai cells - Tliat quinine in malaria is capable of 
mobilizing the phagocytic laige mononuclear cells (monocytes and histioc'^des) in 
the peiipheral ciiculation and that this mobilization is closely con elated with 
clinical cure have been inferied from a study of the quantitative changes in the 
laige mononucleai cells in 46 malarial monkeys, before and after the administration 
of the diug Within 24 to 72 horns of administration of quinine there generally 
occuried a significant incieaso in the number of both types of large mononuclear 
cells and this increase was even more marked and rapid if the mode of administra- 
tion was by injection instead of by mouth In Table I a summary of the results of 


Table I 

Summary of results 


(Vide Table II in the Appendix foi details) 


Species of monkey 

Experiment 

Number of 
observations 

Average increase 
per cent of large 
mononuclears 

Range of 98 
per cent of 
cases 

M rhei>ui> 

Prior to lecoveiy 
aftei quinine 

44 

73 53± 2 89 

82 23 to C4 86 

il/ rhesu s 

Prior to natural 
cure 

6 

280 10± 5 04 

295 22 to 264 98 

J/ cynomotgm 

Prioi to recovery 
after quinine ^ 

IS 

150 23^14 73 

203 09 to 97 37 

M njnomolgus 

Prior to natuial 
cure 

> 

217 33± 5 73 

234 52 to 200 14 

HI iJiesvs 

No improvement 
after quinine 
(died) 

12 

(decreased) 

-21 04± 5 36 

-5 86 to -38 02 


82 observations is presented It will be seen fiom the above table that in every case 
that showed subsequent clinical improvement the drug caused 75 to 280 per cent 
use in the total phagocytic mononuclear cells and that when the drug failed to bring 
about the required degree of mobilization of these cells there invariably resulted no 
improvement in the clinical condition If the effect of quinine in the two types of 
monkeys, M ihesiis and il^ cynomolgus, is compared, it is found that in the ihesus, 
which IS relatively more susceptible to malaria and which shows a heavier infection, 
there is generally a poorer mononuclear response to begin with and treatment, if 
instituted at the proper time, is followed by a significant increase in this response 
On the other hand in the cynomologus monkey which is relativelj'' more resistant 
and shows a milder infection there is a fair degree of mobilization of large mono- 
nuclear cells (especially monocytes) even in the absence of quinine, and when the 
ding IS administered it causes a further increase in the cellular response In both 
spemes there appears to be a natural limit to the intensity of this cellular response 
and irrespective of whether quinine is given or not the highest count obtained prior 
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to cure m ui iuutL.il isucver above 30 or 35 per cent of the total white cells This 
figure IS more often leichcd lu cijnomolgits than lu rhesus and it is invariably 
followed by cure or hteiicv In oidei to clinch the importance of this finding the 
writer left five he ivil} infected rhesus moukejs and three cynomolgus mor^eys 
tint hippened to show i good cellulai lesponse untreated It was found on 
subsequent e\ iinination tint parasites were absent in the peripheral blood of 
eierN one of these uiiinals This, to the wiitei, is strong evidence of the 
eflicicv of a iiood celliihi response Item thciefoiebe safely asserted that there 
ippeais to be little doubt that mob'lization of large mononuclear cells in the 
peripheral eirculation is i phenomenon associated with recovery fiom malaria 
and tint one of the ictions of quinine is to intensify this mobilization, and to 
lead to the rapid eugiilfment and effective destriictiou of malarial parasites 
bv the mobilized cells 

P)ohfnation of hige mononuclea) cells — That administration of quinine to 
animals siiftering from malaria causes stimulation to proliferation of the large 
mononuclear cells (monocvtcs) has been infened from the presence of increased 
numbers of dividing forms of mouocjtes* after the commencement of treatment 
In the ihesus monkev that suffers from an acute and rapidly fatal infection these 
div idiug forms are not as common as in the cynomolgus monkey which suffers from a 
chronic low grade relapsing type of infection In both species of monkey, however, 
after admimstration of qiiimne a distinct inciease in the number of these dividing 
forms is noticeable hen such an increase does take place the writer has noticed 
that it invariably signifies a good prognosis These cells are seen whenever the 
animals are progressing towards recovery or latency, or whenever the number of 
parasites in them is being Limited to a minimum or a low-giade persistent infection 
IS present In association with the increase of dividing forms one frequently notices 
a significant increase in the number of lymphocytes This the writer is inclined to 
interpret as suggesting that lymphoid tissue is being stimulated and that the 
monocytes seen are probably of lymphatic originf If this explanation is correct 
then it certainly lends support to the view previously expressed by the writer that in 
pathological conditions at least, where there is a great demand for phagocytic cells, 
suitable stimuli may cause monocytes to originate from lymphatic tissue The 
increased output of dividing monocytes as well as of monocytes of markedly 
different sizes into the peripheral circulation after quimne admimstration 
suggests that the drug intensifies the stimulation to proliferation of these cells 
The imtial stimulus that starts this process is the infecting agent and not quimne , 
the latter merely accelerates the process once it has been started This stimulant 
action of the drug is an important factor in overcoimng the malarial infection 
because it has been shown previously {vide Krishnan, Lai and Hapier, 1932) that 
the function of monocytes and intermediate forms (stimulated monocytes) is to 
engulf and destroy young malarial parasites (merozoites) and therefore, when these 


* The vmter has identified these cells showing division of nucleus which ha\ e also been desenbed 
by other workers (Cannon and Tabaferro, 1931) as monocytes because firstly they are phagocytic 
and segregate neutral red in the form of a rosette of fine granules between the two nuelei and secon^y 
lu association with their presence there is frequently an increase in the number of monoc^'tes as -well 
as a great vanation m size of those present 

t Vide Erishnan, Lai and Napier (1932) for a detailed discussion 
J, MR 
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cells aie pieseiit in laigo numbeis they will pi event the entiy of parasites into red 
cells and check the intensity of infection 

Functional activation of laige mononucleai cells — That the presence of quinine 
in the circulating blood of malarial monkeys increases the powers of phagocytosis 
of the laige mononucleai cells and possibly also then powers of destruction of the 
malarial paiasites has been infeiied fiom the following observations After the 
admimstiation of quinine the histiocytes are seen to contain larger numbeis *of 
infected red cells and parasites showing undoubted evidence of disintegration and 
digestion as well as incieased amount of neutral red than prior to the use of the 
drug Some of these cells can be seen with as many as ten or twelve infected red 
cells giving one the impiession that they engulf infected red cells, en masse, after 
the administration of quinine (duZc Plate, Krishnan, Lai and Napiei, 1932) Prom 
this there is no doubt that the histiocytes play an important part in the removal of 
infected red cells fiom the cii dilation and therefoie functional activation of these 
would mean a maiked i eduction in the number of developing forms of the parasites 
and an eftective check on the schizogon}'- cycle Again, the monocytes which 
noimally aie pooi phagocytes show increased powers of engiilfment and contain a 
gieatei amount of pigment, debus, and neutial led If our presumption that the 
inteimediate forms are stimulated monocytes is collect, the incieased numbers of 
these aftei quinine also mean functional activation of monocytes It has already 
been stated that the function of monocytes and inteimediate forms is phagocytosis 
and destruction of fee malarial parasites If this is accepted, then functional 
activation of these cells means an effective desti notion of merozoites and a successful 
prevention of infection of other red cells From this it will be cleai that quinine 
increases the functional activity of the large mononuclear cells and that this action 
of the drug is an important factor in cure Here it may be added that from certain 
observations made by the writer he is led to believe that death of protozoal parasites 
within phagocytic cells need not necessaiily be due to any inherent destructive 
capacity of the cells themselves but that death of these may be brought about by 
the environmental conditions within the cells being unfavourable for their continued 
existence 

Incieased susceptibility of paiasites to phagocytosis by diiect action — It has been 
suggested by some that quinine cures malaria by its direct lethal action on malarial 
parasites From the numerous observations made the wiiter is led to presume that 
the beneficial results of the diug in malaria cannot be accounted for wholly by this 
effect For, as with some human cases, in a certain percentage of malarial monlieys 
even enormous doses of quinine fail to bring about a cure, and in some others cure 
takes place after minute doses as well as in the complete absence of quinine There- 
fore before formulating any theory regarding the mode of action of qumine one has 
to take into consideration these facts as well The writer has already shown that 
there is a very close similarity between the cytological changes taking place prior to 
natural cure and those occurring prior to cure by quimne and also that, when quinine 
fails to bring about the required cytological change no clinical improvement results 
From these he feels justified in saying that the chief way in which quinine acts is b} 
accelerating the natural processes of cellular immumty Although it is chiefly 
through them that quinine acts, there is no reason to disbelieve that the drug also 
helps by preparing parasites and infected red cells for phagocytosis and destruction 
by direct action Chopra and Chowdhury (1929) have shown that when quinine 
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1 -, circuhtiu'f m the blood it causes a loweim" of suiface tension , as a lesult theie 
will be an mcieise in the concentration of the drug at the various cell interfaces 
(Gibbs Thompson hw) The degiee of this concentration will depend upon the 
electrical condition it the interfices and the effect of the concentration upon the 
n iture of the cell concerned If, at the tune of the highest coucentiation of quinine 
in the blood, spoiul ition otcurs, a ccitiin amount of the drug (the positive alkaloid 
ions) will be uboibed bj tlie fice malaiiil parasites (ivhich aie negatively charged) 
As a result there will occur an alteiation in the electrical condition of the parasites 
which in turn nia} lead to then death oi damage or increased susceptibility to 
plngoc\tosib Of these three the last appears the most frequent and probable 
If so, it will lead to the rapid engulfment and effective destruction of the 
piiasites only if the cellular mechanism is functioning properly at the time 
As regirds the effect of quinine on infected red cells it will be somewhat 
similar to that on free parasites On account of the negative charge the 
red cells carr} , the positive alkaloid ions wall be adsorbed by them as w'ell, 
with the result that thei become suitable foi engulfment by histiocytes 
{tide Chopra and Chowdhury, 1932) Once the}" aie within these phagocytic 
cells the} get Used and the parasites in them destroyed Thus, while the 
monocites deal with meiozoites the histiocvtes deal with infected led cells, 
]ointl\ they bring about cure The direct action of quinine therefore is to render 
piiasites and infected red cells more susceptible to phagocytosis, the work of 
destruction in all probability being performed bv and completed within the 
reticulo-endothelial tissue cells 

Alteration in reproductive activity of the y^oiasite — Acton and Chopra (1927) 
were the first to suggest that quinine acts by inhibiting the reproductive activity 
of the malarial parasites Krishnan, Lai and Napier (1932) obtained further 
corroborative e\ ideuce in support of tins view In the course of the present studies 
the wTitei agam noticed that after the administration of quinine w’henever the 
cellular response was imperfect and there occuired a moderate increase of monocytes 
and intermediate forms without a corresponding increase in histiocytes there was 
evidence of mterference with the reproductive activity of the parasite Under the 
above-said circumstances the number of parasites m the peiipheral blood invariably 
remained low and more or less constant On investigation of the causes that 
lead to this low-grade infection it was foimd that there were two possible 
explanations (a) that the phagocytic mechamsm being inadequate allows a small 
limited number of parasites reproduced at each cycle to gam an entry into red cells 
and complete their development, and (6) that the presence of the drug in the cir- 
culating blood retards the growth and development of a certain number of parasites 
Repeated examinations of blood of these animals showed that early in the develop- 
mental c} cle the ring forms persisted for a much longer time than usual and a 
great many of them showed no evidence of development even after 8 hours and 
that towards the close of the cycle a large number of dividing forms were 
continually present up to 32 hours after sporulation These two observations 
suggest either that different broods of parasites maturing at different times 
were present or that the process of asexual maturation and division was being 
delaved in a certam percentage of the parasites Although the writer believes 
that ordinarily the time taken for completing the asexual cycle is largely 
determined by the genetical make up of the parasite, he cannot, m view of 
the above observations, help presuming that mefScient action of quinine as 
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well as alteicd conditions in the host do piolong the tune taken for asexual 
development by a few horns 

In association with this delay in the cycle one often notices an increase in 
relative proportion of sexual forms It is difficult to say whether the delay in 
development referred to is the cause of the le^ eision of some of the parasites 
to sexual forms or itself due to it If sexual forms represent the end resrrlt of the 
parasite’s successful leaction to an altered envuonment then imperfect action 
of quinine and inefficient immunity response may lead to the production 
of sexual forms The rvritei has already pointed out that alterations m the 
reproductive activit)’’ of the parasite are generally associated with mcrease 
of monocytes and inter mediate forms Although the role of these cells in the 
production of an increase rn the number of .'^exual forms is rather difficult to 
guess, it may be suggested that they bung about certain biochemical changes 
and these in tiiiii lead to the parasite’s reversal to sexual forms 

Acceleuition of anh-hody 2^^ Muction — Some workers have suggested that anti- 
bodres play a part in overcoming malarial infection and that one of the ways in 
which quinine acts is by stimulating anti-bodj’- production Although so far no one 
has been able to demonstrate definitely the presence of piotective anti-bodies in 
malaria, there is no reason to suppose that anti-bodies are not formed With each 
febrile attack a certain amount of foreign protein (malarial antigen) is liberated into 
the circulating blood, and anti-bodies to this wall naturally be produced in varying 
amounts Such a surmise is not meie theory only but is supported by a number 
of laboratory findings Serological investigations’ have demonstrated the presence 
of anti-bodies through complement-fixation, precipitin and dermal (Sinton and 
Mulhgan, 1932) tests Furthermore, 111 the course of the present studies the writer 
has gained the impression that humoral changes in the serum are associated with 
increase of monocytes and intermediate forms, and that these cells are in some rvay 
connected with anti-body production AYhat one is not sure about is the function 
of anti-body in malaria Theoretically and from analogy at any rate it can be said 
that if and when specific anti-body is present it will be greatly helpful in enhancing 
the susceptibility of fee (extra-cellular) malaiial parasites (though not of those 
within red cells) to phagocytosis and destruction From a practical point of view 
the writer has obtained evidence that suggests that anti-body in malaria is of the 
nature of a sensitizing agent and that one of its actions is to alter the leticulo-endo- 
thelial system cells, in such a way that they will respond to the introduction of the 
infecting agent (antigen) at a later date more rapidly and intensely than previously 
In an earlier paper {vide Krishnan, Lai and Napier, 1932) the writer showed that 
natural resistance to malarial infection is associated with a rapid and marked cellular 
response chiefly of monocytes and intermediate fonns Again, similar sensitiveness 
of the reticulo-endothelial cells to reinfection is noticeable after cure of the primary 
infection in a great number of monkeys , it is probable that sessile anti-bodies play 
a part in it because of its high specificity If it is so, then the part played by 
quinine in this sensitization is a negligible one All it can be given credit for is tha 
the drug, by stimulating probferation and functional activation of monocytes 
and leadmg indirectly to an incieased production of anti-bodies, helps nr the 
sensitization of the cells of the reticulo-endothelial system 

Increased output of young eiythocytes into the ciicidation — In the course 0 
examination of supra-vital preparations of malarial blood the writer noticed la 
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young red cells may be a factor m infection and immumty in malaria and that 
quimne by helping in tlie destruction off effete and infected red cells provides the 
stimulus for the production of young cells and when these cells are present in large 
numbers an unfavourable environment for the entry and development of malaVial 
parasites within red cells is created 


Discussion 

Fiom the evidence piesented in the foregoing pages it will be seen that the 
mechanism of cure and immunity m malaria is almost purely of a cellular nature 
Every factor concerned in cure of the disease has been shown to be in some duect 
or indirect way connected with the functional efficiency of the large mononuclear 
cells of the reticiilo-endothelial system The two types of cells, monocytes and his- 
tiocytes, compiising this system are mainly responsible not onl}^ for causing the death 
and disintegration of malarial parasites by phagocytosis but also for producing 
humoral and other changes that are helpful in overcoming the malarial infection 
The action of quinine in malaria is merely to acceloiate the natural processes at 
work These processes start working as soon as the infecting agent establishes 
itself in the host, and so long as they function adequately and effectively the infec- 
tion IS kept down and cuie established But when they fail or are defective the 
infection either progresses rapidly and terminates in death or persists as a low-grade 
lelapsmg type The usefulness of quinine is chiefly dependent upon the degree 
to which the natural processes of immunity can be stimulated b}’- the drug and not 
upon the quantit}'- of the drug oi its diiect lethal action on malaiial parasites This 
conception of the mechanism of cuie of malaria by quinine appears to explain con- 
vincingly practically every knOAvn phenomenon connected wnth treatment of the 
disease It is hoped that the evidence piesented in the foregoing pages will be found 
clear, convincing and acceptable 


Conclusions 

From supra-vital studies of blood of 46 monkeys infected with P inui C^) certain 
observations having an important bearing on the mechanism of cure in malaria 
have been made On the basis of these the mode of action of quinine seems to be 
as follows — 

(1) By accelerating the natural immune processes of mobilization, prolife- 

ration and functional activation of the phagocytic large mononuclear 
cells composing the leticulo-endothelial system the drug causes rapid 
engulfment and effectwe destruction of the malarial paiasites 

(2) By bunging about an alteration in the electrical condition of parasites 

and infected red cells by direct action it increases the susceptibility 
of these to phagocytosis 

(S) By slowing down asexual reproduction and occasionally leading to the 
formation of sexual forms, it checks the intensity of infection 

(4) By indiiectly leading to the pioduction of humoral changes (anti-bodies) 
and to the sensitization of the cells of the reticulo-endothelial system 
it incicd'^es the resistance to reinfection 
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(5) By causing the remo% al of effete and old red colls and increasing the out- 
put of } oung red cells it renders the successful entry of parasites into 
these eells more difficult 
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APPEKDIX 
Table II 


Showing the mohihzahon of large monoimclear cells m the gmipheral blood of 
monheys suffering from malaria after the administration of quinine 


Group 

Serial 

number 

Total large mono 
nuclear cells per 
c mm before qumino 
adramistration 

Total large mono 
nuclear cells per 
c nim after quimne 
admimstration 

Increase in 
percentage 

Result 



1 

1,260 

1,530 

2142 





2 

1,350 

2,340 

73 33 



Reaction of 








M rhesus 


3 


2,200 

109 52 


O 

monkevs to 








quinine 


4 

960 

1,582 

64 79 


a 

V 



5 

1,744 

2,850 

63 41 




■ 

6 

1,406 

2,400 

70 69 
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Table II — contd 




Total largo mono 

Total largo mono 


Group 

Serial 

nuclear cells per 

nuclear cells per 

Increase in 

number 

c mm before quinine 

c mm after qumiue 

percentage 



administration 

administration 

1 

( 

7 

1,400 

i 

2,850 

103 57 


8 

1,350 

2,400 

77 77 


9 

1,260 

1,700 

34 92 


10 

920 

1,400 

5217 

- 

n 

960 

1,400 

45 83 


12 

630 

1,520 

133 84 


15 

1,350 

2,112 

56 44 


14 

990 

1,800 

81 81 


15 

I 1,700 

2,800 

64 71 


16 

1,138 

2,210 

94 20 


17 

2,160 

3,600 

66 66 


18 

2,625 

i 

3,960 

28 00 

Reaction of 

19 

1,440 

2,400 

66 66 

M rhesici ■ 
monkeys to ' 

20 

1,080 

3,080 

S3 93 

quinine 

21 

1,870 

2,350 

25 66 


1 22 

2,240 

5,580 

149 10 


23 

1,050 

2,550 

142 86 


; 24 

2,600 

4,400 

69 23 


2-) 

1 

2,400 

3,900 

37 50 


t 

{ 26 

600 

2,000 

233 33 


27 

500 

1,373 

146 53 

- 

28 

900 

1,550 

72 22 


29 

600 

1,600 

166 66 


1 90 

900 

1,280 

42 22 


1 n 

1,900 

2,520 

99 84 


1 

92 

1,925 

2,406 

81 58 

1 

i 

900 

1,590 

1 

59 97 


Result 


Recovery 
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Table II — contd 




Total large mono 

Total large mono 


Group 

“vcri il 

niielcar cells per 

nuclear cells per 

Increase m 

number 

c mm before quinine 

c mm after quinine 

percentage 



ailministration 

administration 


( 

34 

Dtjil 

1 170 

30 00 

' 1 

r> 

1 700 

2 IGO 

22 72 


30 

I 873 

3,240 

72 SO 

( 

37 

1 tjO 

j 

2 277 

GS 51 

Reaction of | 

3S 

2 210 ' 

1 060 

38 46 

U rhtSM* ^ 
monkc%3 to 

!') 

1 710 j 

1 

2 34( 

54 04 

quinine 

40 

1 too j 

1 SOO 

28 57 


41 

1,7S7 

3,200 

79 07 


42 

2,t)00 

3 600 

28 57 


1 43 

2 027 

3 120 

54 07 

1 

44 

920 

1 350 

46 73 


1 

SOO 

3 600 

350 00 

Pe'i<'tion of 
)/ rhc^U9 

2 

fOO 

4 200 

366 66 

monk e \ s 
d 11 r 1 n 2 
natural 

3 

OGO 

2 025 

173 43 

4 

1,280 

3 120 

143 ~5 

immunity 



o 

600 

' 2,800 

1 

366 66 

( 

I 

700 

2,850 

307 14 

1 

i 

2 

4 000 

1 5 600 

40 00 

1 

1 

3 

010 

' 2 850 

213 18 


4 

1 406 

4 000 

184 49 

Reaction of 





M cyno 

m 0 1 0 ® ^ 

5 

1 400 

5 400 

285 71 

monl- cys to 
quinine 

6 

990 

, 3 200 

1 

j 223 23 


7 

1,125 

3 120 

177 33 



560 

1 700 

203 57 


1 

2,500 

3 392 

35 68 


m 

1,020 

2,850 

75 92 


Result 


Recovery Recovery Recovery 
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Table II — concld 




Total laige mono 

Total large mono 


Group 

Serial 

nuclear cells per 

nuclear cells per 

Increase in 

numhcr 

c mm before qtunine 

c mm after quinine 

percentage 



administration 

administration 

f 

11 

1,808 

3,740 

106 85 


12 

2,250 

2,800 

24 44 


13 

1,440 

2,210 

63 47 

Reaction of 





M cyno- 
in 0 1 g u S‘ 

14 

2,1G0 

5,400 

150 00 

monkeys to 
quinine 

15 

2 ,no 

4,650 

101 29 


IG 

1,350 

5,400 

300 00 


17 

990 

2,850 

187 87 


18 

2,800 

3,740 

33 67 

Reaction of 





ill < yno 
in 0 1 q u s 

1 

910 

2,850 

214 28 

monkeys 

2 

875 

2,880 

229 14 

during 

natural 

immunity 

3 

1,400 

4,320 

208 67 

/ 

1 

780 

900 

+ 16 38 


2 

438 

520 

+ 18 72 


3 

600 

400 

-33 34 


4 

720 

420 

-41 67 


5 


445 

-25 84 

Reaction of 
M rhpsus 

0 

GOO 

GOO 

00 

monkeys to 
quinine 

7 

576 

ICO 

-72 18 


8 

1,076 

720 

-33 03 


9 

960 

900 

- 6 26 




650 

+ 8 33 


11 


225 

-43 76 

i 

12 

3,670 

1,800 

-49 58 


Eesclt 


No improvement — death Recovery Recovery 
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CONTRIBUTIONS TO PROTOZOAL IMMUNITY 

Part I 

THE EFEECT OF SPLEEECTOJIY ON THE COURSE OF ]\IALAEIAL 
INFECTION IN MONKEYS 

B\ 

K V KRISHN^US’, HB, MRCBL, db (Loud ), d sc , 

R 0 A SillTH, D T M , I M D , 
a^D 

CHIRANJI LAL, i m d 

{From the Rala-azar Inquiry, Indian Rebecuch Fund Association, All-India 
Institute of Hygiene and Public Health, Caleutta ) 

[Rcccncd for publication, June Jl), 1933 J 
I^TRODUCTIO^■ 

The increasing recogiution that an accurate knowledge of the mechanism of 
infection and immunity m kala-azar is a pre-reqiusite to a satisfactory solution of 
the transmission problem of that disease, led us to imdertake an investigation on 
the nature of immunity in protozoal diseases Although our studies are chiefly 
confined to two diseases, namely kala-azar and malaria, we have no doubt that the 
results obtained will have a far wider application than at present appreciated Y'e 
included malaria m our study, not onlv for the purpose of elucidating the broadei 
principles im olved in protozoal immunity and for getting a clearer and truer pictuie 
of kala-azar immunity in which oui chief interest lies, but also for determimng the 
conditions under which malaria predisposes to kala-azar Some of our studies on 
the subject have just been completed and we are presenting the results in this series 
of articles 

Historical 

Although splenectomy has been performed on men and monkeys infected 
with malaria the results obtained do not warrant any definite conclusions with 
regard to the effect of the operation on the course of infection While some claim 
defimte improvement after removal of enlarged spleens in cases of human malaria 
(Rosati, 1912 , Cumston, 1919 , Raison, 1920 ,~vide Taliaferro, 1929), others 

{ 343 ) 
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maintain tliat it interferes ivitli the defence mechamsm of the body and leads to 
relapse and nitensirication of infection (Degorce, 1913, Strune, 1914, Sidgwick, 
1925, — I’lfZe Taliaferro, 1929) Iniljf ?7ies«s monkeys infected with P ItOcZiijGonder 
and Rodenwaldt (1910) noted that splenectomy was followed by relapse and severe 
infection and latei their finding i\as confirmed by Noguchi (1928) who reported 
relapse of malaria following splenectomy in one iliesus monkey Blanchard and 
Langeron (1911) and Leger and Bouilliez (1913) using P %ixu% obtained somewhat 
similar results Prom the available evidence on account" of the smallness of the 
number of animals experimented upon, one is not m a position to assess correctly 
the role of the spleen or of the reticulo-endothelial system in malaria We 
therefore thought it would be worth while undertaking, on a large scale, an 
investigation on the efiect of splenectomy on the course of malarial infection in 
monlceys of different species A perusal of the results recorded in this paper will 
show that our work has not only yielded very suggestive and almost conclusive 
results as regards the importance of the spleen and the reticulo-endothelial system 
111 malaria but has also given answeis to a few of the debated questions on relapse, 
re-infection and cure of malaria 

Material and technique 

After the completion of the cytological, parasitological and pharmacological 
studies undertaken in connection with monkey malaria at the School of Tropical 
Medicine, Calcutta, a large number of animals that had previously sufiered from 
malaria and for which there was no further use was available These animals were 
apparently in normal health and instead of killmg them, as is customary, it was 
decided to utilize them in the proposed splenectomy experiment To make the 
study complete some monlceys tliat had not previously siiifered from malaria were 
also collected from the same source In all 30 animals consistmg of 14 M iliesus, 
14 M tins and 2 M xadiaius, were available and of these 9 thesus, 9 and 
2 ladtatus, had sutiered from malaria previously and 5 iliesus and 5 ^?us had not 
Normal radtatus monkeys were not available and therefore could not be included in 
the experiment 

The operation of splenectomy was performed as follows The animal was 
etherized, the abdomen shaved and painted with iodine, a vertical incision two 
inches long in the region of the spleen made, the organ pulled out through the opening 
with two fingers, the pancreas separated from the pedicle and the latter clamped, 
the important vessels tied (preferably separately with siUc), the organ excised and 
the abdominal incision closed, using siUc for suture The usual aseptic precautions 
were taken and there was only one death in the whole series as a result of the opera- 
tion and this was due to haemorrhage following slipping of the ligature of the 
splemc vessels This animal was replaced by another to make up the total number 
to thirty 

Commencing from the day after splenectomy, the peripheral blood of those 
monkeys that had previously suffered from malaria was examined daily for a period 
of 10 to 15 days with a view to finding out w^h ether any relapse of malaria occurred 
in them Those that showed no relapse along with the normal splenectomized were 
given 0 5 c c of diluted blood from an infected iius monkey Throughout the 
experiment the infective material for inoculation was obtained from an??us monkey 
that showed a fairly persistent and uniform degree of infection , the paiasite coun 
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ni this w IS about 5 to G per microscopic field, or appro\imatcly 50,000 per c mm of 
blood The dose of blood gn on to infect a monkey w as calculated to contain about 
10 million paiasites 

The strain of plasmodium used in these cxpeiiments was the one that was 
disco\ ered b^ N ipicr and Campbell (1932) in a ili ^n(s monkey and believed to be 
almost identical with P iiiut (ndc Sint on and Mulligan, 1932) This strain produces 
1 '-e\erc and fital infection in M rhesus and a low grade infection with a tendency 
for spontaneous eiire in M irusand M radiatus This natural difference in the 
lntcnslt^ of infection in the three species of monke^ s has greatly helped us in tins 
in\csti£iation and has clarified mam a point which would otherwise have been still 
debatable 

As one of our chief objects was to determine correctl} the effect of splenectomy 
on the course of malarial infection, we had to fiv for purposes of compaiisou, a 
standard w Inch w ould gn e a tnic picture of infection in non-splenectomired animals 
For this we ha\o ntilircd our observations on 45 infected monke}S some of these 
animals have been used m the splencctom} evpeiiments We ha\e shown the 
salient features of the infection in the different species side by side with those of 
splenectomized monke^ s m Tables I, II and III Our picture of infection in the 
non-splenectomized group completely corresponds with those obtained by other 
workers {vide Knowles and Das Gupta, 1932) 

In order to obtain a correct idea regarding the effect of specific treatment on 
the course of infection in splenectomized and non-splenectomized monkeys, we 
standardized our method of treatment as follows The dnig used for treatment was 
hospital quinine and was obtained from the dispensary of the School of Tropical 
jNIedicme Treatment was begun in the splenectomized group as soon as the 
parasite-rate reached about 500,000 per c mm of blood If the animals failed to 
show this number they w ere left untreated to find out if spontaneous recovery would 
occur The routine consisted in giving 1 grain of quinine in solution by intra- 
muscidar injection every mormng and a powder consisting of 2 grains of quimne 
and 20 grains of soda bicarb by mouth e\ ery evening for one w eek If the ammal 
survived this period and showed signs of recoaery the injection W'as stopped and 
two pow ders instead ot one w as admmistered by mouth for another week until 
disappearance of all parasites from the peripheral blood After this no regular 
adnunistration of qiunine took place unless the parasite-rate went above 100,000 
per c mm of blood and when this happened quimne powders were administered 
bv mouth as preauouslv 

Eesults 

Of the 30 monkeys splenectonuzed onl) 12 show ed relapse of infection after the 
operation (detailed histones of these are furnished in Part II of the series) , the 
remaimng 18 had therefore to be given an inoculation of infective material to produce 
malaria in them The course of infection in all the thirtv monkeys, as well as the 
response to treatment of some of them were studied and the results are summarized 
in Tables I, II and III In Tables I and II it will be seen that the splenectomized 
monkej s are further subdmded into tw o groups (1) those with a history oi previous 
malaria and (2) those with no historv of previous malaria This division wL found 
necessary because the course of infection was much more severe and the response to 
treatment distinctly pooler in the latter than in the former group ^ 



Table I 

Showing the couise of tnaloiial infection in non-splenectoniized and splenectoniized IVI rhesus 

Non splonectomized gioup Splencctomized group Avitii a Splenectonuzcd group with no 

history of previous malaria history of previous malaria 
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Coni') ihutions to Piotozoal Immunity 

Table III 

Showing the coiose of malaiial wfechon in non-splencctonnzed and 
splencclonnzed j\I radio tus 



Non splcnoctonn/cd 

group 

Splcncctomired gioiip with a 
history of pienous malana 

Total number ot mon 

4 


2 


kevs studied 






Average lieigbt of 

Below 20,000 


Over 1 million 


parasite count per 




c mm of blood 






Percentage of infected 

Below 0 T*) per cent 


oO to 70 per cent 


red cells 




Average number of 

21 ±0 6306 


1 

S 5±0 2384 


days between date 
of inoculation and 





date of highest 


I 



count 

1 

/ 

Sterv mild or no illness 

1 

1 

i 

1 

Acute severe illness 


Description of infec . 


Very slow development 


Rapid development 



Low parasitizatiOD 

1 

Heavy parnsiti/ation 


tion and illness 


More than 1 parasite per corpuscle 

More than 2 and S 

parasites per 



veiy uncommon 


corpuscle quite common 



Not at all fatal 

1 

Highly fatal if untreated 


/ 

Number of animals 

1 

0 

Number of animals 

1 



studied 


studied 


1 


Deatli rate 

0 per cent 

Deatli rate 

100 per cent 

Termination in un ‘ 
treated 


Showing few parasites 
in blood 

0 „ 

Showing few parasites 
m blood 

0 


Showang no parasites 100 „ 

Showing no parasites 

0 



111 blood 


in blood 



\ 

Hieraoglobinuna 

0 „ 

HEcraoglobinuna 

100 


r 

Number of animals 

2 

Number of animals 

1 



studied 


studied 




Death rate 

0 per cent 

Death rate 

0 per cent 

Termination in trea ■ 
ted 


Showang few parasites 
in blood 

0 „ 

Showing few parasites 
in blood 

0 


Showing no parasites 100 „ 

Showing no parasites 

100 



in blood 


in blood 


1 


Haemoglobinuna 

0 „ 

Hsemoglobinuna 

0 


Fiom Table I it will be seen that as regards (1) ‘ the height of parasite count 
leached and (2) ‘ the percentage of infected red cells ’ there is no real diffeience 
between the splenectomized and non-splenectomized gioups But a careful 
comparison of the rest of the table shows that in the splenectomized group (i) the 
number of days taken to reach the highest parasite count is distinctly less by over 2d 
per cent, (^^) the number of parasites pei red blood corpuscle is very much greater 
and as many as 4 to 6 parasites in one red cell were quite frequently met with, \W) 
the death rate both in the treated and in the untreated is significantly higher, being 
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S3 and 100 per cent as against 20 and 71 pci cent respectively, (m) the response 
to ticatincnt is \or\ poor uid in no case has it been possible to rid the peripheral 
blood completch of all paiasites, (r) and finallj the incidence of htemoglobiniiria is 
evtremeh high, being 50 to 100 per cent as against 15 to 28 per cent in the non- 
splcncctoniiyed group 

It M ill be remembered that the rhesus monkey, normally, is very susceptible to 
ra liana and suffers from a sei ere and fatal infection even v hen the spleen is present 
From the point of \ lew of splcnectom} experiment therefore it is not the most 
suitable animal, and the differences enumerated abo\ c aie all that could be expected 
The} should be considered as quite siiggcstuc because these results assume far 
greater significance when considered along Aith the results obtained from the other 
two species 

As the results obtained from irus and ra4?fl/«s monkeys are almost identical. 
Tables II and III mac bo taken up for consideration together A glance at these 
two tables will show the \er} pronounced and striking eftect of splenectomy on the 
course of malarial infection in these two species ^^^llle a low grade infection with 
20 to 50 thousand parasites per c mm of blood, and 1 to 2 per cent of infected red 
cells, IS the chief feature of infection m the normal, a severe acute infection with one 
million parasites per c mm and 50 to 70 per cent infected red cells is the characteristic 
type m the splenectomized animals The tunc taken for reaching the highest 
parasite count is reduced from three weeks in the non-splenectomized to one week 
m the splenectomized monkeys This is eiidence to show that the number of 
surviving parasites after each schizogony c} cle is very much greater in splenecto- 
mized than in non-splencctomized animals , this is probably due to a failure of the 
phagocytic immunity mechanism in the formei Again, multiple infection of red 
lilood corpuscles which is rare m the non-splenectomized is a feature m the 
splenectomized animals Death and liamioglobinurn due to malarial infection are 
unknown in normals, w hile thev range from 50 to 100 per cent in the splenectomized 
animals Favourable response to treatment that is obtain.able in 100 per cent of 
normal animals is not seen even m 50 per cent of splenectomized animals 

It will be seen from tJie aboa e description that the picture of infection in the 
-ITUS and radiafus monkeys after splenectomy is identical with that of the rhesus 
monkev The marked differences m the intensity of infection due to differences in 
species noticeable in normals are completeh’^ absent in the splenectomized This 
observation furnishes proof that the spleen andthereticulo-endothelial system are 
of very great importance in malarial immunity, both natural and acqmred 


DISCussIO^ 

In spite of the large amount of experimental evidence produced by different 
workers (Cannon and Taliaferro 1931 , Napier, Krishnan and Lal, 1932 , Krishnan, 
Lal and Napier, 1933) there appears to be still some difference of opinion as regards 
the importance of the spleen and the reticulo-endothelial system in malarial 
immumtv At a recent meeting of the Eo}al Societv of Tropical Medicine, 
in which this subject was discussed (vide But Med Jour March 1933, p 368)’ 
Professor Thomson and Dr Hamilton Fairley stressed the importance of 
the reticulo-endothelial system m malaria w'hile Professor "Warrington T"orke 

J, MR Q 
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opined that he did not thinJc the system played any essential part m the 
development of ‘ tolerance ’ m malaria but tliat its function was merely that 
of a ‘ scavenger ’ to clear up debris As a result of cytological studies conducted 
with the help of the supra-vital staining technique, we (Kiishnan, Lai and 
Napier, 1933, Krishnan, 1933) produced evidence that clearly indicated the 
very important part played by the two types of phagocytic large mononuclear 
cells, histioc 5 ’’tes and monocytes, composing the reticulo-endothelial system 
in overcoming malarial infection In that we showed that the histiocytes 
wei e primarily responsible for phagocytosis and disposal of infected red cells 
and the monocytes for engulfment and destruction of free malarial parasites 
To us it appears that the reason for the prevalence of the idea that the reticulo- 
endothelial system plays the part of a ‘ scavenger ’ is because of the behaviour of 
histiocytes One of the accepted normal functions of these cells whether in the 
blood or in the tissues is the dispo'^al of damaged and dcgeneiated red blood cor- 
puscles This does not necessarily mean that their function in malaria is only 
‘ scavenging ’ No doubt it is part of then function bid it is not the whole 
of it We ourselves pointed out that the histiocytes probably take up infected led 
blood cells m malaria not for the purpose of destroying the parasites contained in 
them but rather for the disposal of the damaged red cells containing them, and that 
the death of the ingested parasites within these cells when it takes place may he 
purely accidental or incidental, due to the unsuitability of tlie conditions within 
these cells rather than to any inherent lytic powers possessed by them These 
arguments, while lending a limited degree of support to the ‘ scavenger ’ theory of 
histiocytes, do not appear to us in any way to lessen the importance, either of these 
cells or of the reticulo-endothelial system in malarial immunity Tor, after all, 
one has to take into consideration the ultimate result on the malarial parasites, 
of phagocytosis of infected red cells by histiocytes, and also the part played in 
overcoming malaria by cells other than the histiocytes that compose the reticulo- 
endothelial system 


The function of the histiocyte does not represent the whole function of the 
reticulo-endothelial system , our cytological studies have shown that the histiocytes, 
monocytes, and the intermediate forms all play important parts and jointly overcome 
the malarial infection In this paper we have presented what we consider as 
strong evidence in favour of the above view The removal of the spleen which is 
perhaps richest in reticulo-endothelial tissue, has been shown to result in a failure of 
natural and acquired resistance to malaria and to cause an increase, both in the 
severity of infection as well as in the mortality rate To us the most suggestive 
evidence in this direction is that obtained from the studies of the mis and mdtahts^ 
groups In these animals splenectomy has been responsible for the conveision 
a low grade infection that normally ends in spontaneous recovery, into 
extreme severity and of high mortality accompanied by hsemoglobinuria The 
marked beneficial results of specific treatment noticeable in non-splenectomizcd 
monkeys are no more found in the splenectomized animals This stresses 
the importance of the spleen and of the reticulo-endothelial system in malaria 


immumty 

It may be asked, if the spleen is so very important in resistance to rnalana how 
does partial recovery take place after treatment in a certain number of splenec o 
mized animals. The answer to this question is that although the spleen is 
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ncliost in rcticulo-Piulothclnl tis'iuc, it i*; not tlie onlj ortfan in M’liicli llie tissue is 
jirc^ont Cells of the rcticulo-cnclotliolial s^ stem liai e a very wide distribution 
and aie to be found in se\eral paits of the bod} otliei than the spleen, e g , liver, 
hmphatic aland adrenals pituitan, blood and conncctue tissue Eaen after 
the icmoaal of the spleen the rcticulo-endothclial tissue outside the spleen will 
continue to proliferate and function The results of splenectomy will therefore 
depend cntireh upon (a) the amount and (6) the functional elSciency of the 
reticulo-endotlmlial tissue outside the spleen These, in turn, wil' vary with the 
species of animals and its prea ions immunological histora 

If this Mew IS accepted then it is ''as} to understand why treatment of 
splcncctoraired monkea s of different species has yielded slightly different results 
0} tological studies of the splcnectomized animals (not recorded here) show that, 
on the .idmimstrition of quinine there is a greater response of reticulo-endothelial 
cells in the irns and ladi'ilus thin in the rhesm, and that the response of those that 
ga\ e a histora of pre\ ions malaria w as greater than those that gaa e no such history 
This corroborates the \alidita of our view that prcMous experience in overcoming 
malaria CMclcntl} sensitires the whole of the rctieulo-cndothelial system in a way 
such that It could respond to subsequent infection and treatment more readily than 
before and that it is this sensitization that is responsible for the partial recovery in 
some of the splcnectomized animals 

Taking the results presented aboie as a whole there appears to be little doubt 
that one of the chief factors that controls the intensity of malarial infection and 
leads to recoc ery from that disease is the functional efficiency of the reticiilo-endo- 
thelial system Upon its powers of mobilization, proliferation and functional 
actuation depend immiinit} m malaria Eemoaal of the spleen, by interfering 
with these proces=es, converts latenc} into relapse, resistance into susceptibiUty 
and recovery into death 


SuJlMARY AND CONCLUSIONS 

The course of malarial infection in 30 splenectomized and 45 non- 
splenectomized monkeys belonging to three different species was studied 

It was found that non-spleuectomized monkevs developed a moderately severe 
or mild infection and responded readily to specific treatment, while splenectomized 
animals suffered from a severe, rapidly fatal infection accompanied by hsemoglobi- 
nuria and did not respond to specific treatment 

From this it 1 = concluded that the spleen and the reticulo-endothelial system 
are of the greatest importance in malarial immumty, both natural and acquired 
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Ii. a previous paper (Hughes and Slm\asta\a, 1927) some account is as given of 
the cirrhosis of the liver w hich occur® m the Punjab, and the opimon was expressed 
that it was probabi} the result of a pathological process similar to that described 
by Banti in the disease which is called after him and that malaria played an import- 
ant part in its causation The condition is fairlj common in the Punjab and in 
Northern India generally, as appears fiom the following figures taken from the 
records of the &yo Hospital, Lahore, an institution which draws patients from 
all parts of the Provmce and to some extent from outside it — 


Penod 

Total admissions 

Admissions on account 

to medical w ards 

1 

of cirrhosis of the hver 

1929-1932 

1 

241 

! 


Patients usually seek admission when portal obstruction is well established but 
opportumties sometimes occur of observmg the earlier stages of the disease Death 
probably takes place more frequently from intprcurrent infections than from liver 
failure but it is not possible to give any figures, as patients do not as a rule stay 
long in hospital, and in any case are generally remoi-ed to their homes when their 
condition becomes bad Post-mortem examinations are consequently difficult to 
obtain Of 30 cases forming the mam basis of tins' commumcation only three 
died in hospital and of these two came to autopsy ' 

The climcal picture of the fully estabhshed disease is in general that of portal 
or multi-lobular cirrhosis The liver vanes m size according to the degree of fibrous 
shrinkage At first smooth, it eventually becomes nodular The spleen is 
generally more or less enlarged and may be tender from the presence of 
perisplemtL® If palpable it has a hard, non-resistant feel A history of 

( 353 ) 
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lisematcmesis is occasioually obtained but complications related to the collateral 
venous ciiculation arc not common Microscopically the liver shows the changes 
characteristic of multi-lobular cirrhosis and the spleen those produced by chronic 
malaria In old standing cases the connective tissue in the liver contains few 
cells but in more recent cases this tissue may be very cellular In these the poital 
spaces are widened and some proliferation or infiltration of cells is seen extending 
into the lobules The process is, however, essentially a portal cinhosis and not 
a cirrhosis of the ‘ intracellular ’ type such as occurs in kala-azar (Eogers, 1930) 
The changes in the spleen also vary with the diiiation of the disease The organ 
may be almost completel)' composed of haid shrunken fibrous tissue and be little 
or not at all enlarged On the other hand it may be much increased in size and 
have a ‘ beefy ’ appearance on section Microscopically the pulp in these cases 
IS seen to be leplaced to a large extent by proliferated reticular and endothelial 
cells with a variable amount of fibrous tissue In the more shrunken spleens 
the hlalpighian bodies are fibrosed, the central vessels becoming eventual^ 
obliterated The capsule and trabeculae are thickened and there is often 
thickening of the walls of the splenic veins (scleiosing endophlebitis) Blood- 
derived pigments are always present and malarial pigment is frequently seen 
During the course of the disease attacks of malarial fever may occur but more 
often theie are bouts of low iiregular temperatuie not responding to quimne, the 
blood being negative for malarial parasites 

The present communication is concerned (1) with observations on certain 
biochemical and other features of the fully developed disease, (2) with variations 
in the clinical picture, and (3) with the evolution of the disease process and 
other points which bear on the question of aetiology 

Bihiuhinwniia — A finding which is very frequent (23 out of 28 cases), and to 
hich attention was drawn on previous occasions (Hughe':, 1924 , Hughes and 
Shrivastava, 1927), is the occurrence in the blood of excess of bile pigment giving 
the indirect van deii Beigh reaction In the present series of cases the amount 
vaiied from 1 to 4 van den Bergh units Urobilinnria and normal oi exaggerated 
pigmentation of the stools were always associated with this hyper-bilirubinEemia 
These facts suggest increased destruction of led blood cells by the hypei plastic 
reticulo-endothebal cells ol the sjileen, although it must be remembered that the 
uroDiiinuria may have been due to some extent to insufficiency of the liver and to 
the escape of portal blood into the general circulation through anastomotic channels 
(Rolleston and McNee, 1929) Defective hepatic function may also have been partly 
accountable for the increase of bile pigment in the blood In cases without any 
hyper-biiirubinmmia the spleen ivas either not palpable at all or only slightly cn- 
laiged and very hard, an indication that the erythroc 5 d;e-destroying activities of 
that organ were probably abolished by overgrowth of fibrous tissue Manifest 
jaundice was present in some patients as a temporary feature, evidently due to 
damage to the liver cells, the pigment in the blood being of the ‘ biphasic ’ variety 
Blood pioteins — Estimations of the blood proteins were earned out on 
8 patients, 3 of whom had oedema of the legs Six were free from albuminiuia and 
two showed faint traces The albumiu/globulm ratio w'as below normal in all 
It varied from 1 4 to 0 53 The serum albumin was subnormal in 7 (3 07 to 2 2 per 
cent) but there was no reduction in the total proteins in any patient (7 28 to G J 
per cent) The amount of fibrin was noimal in every case except one in ivhom it 
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WTS only 0 05 per cent The methods employed were those of Hawk and 
Bergeim (1926) CEdeim yith lowering of the blood protein content and of the 
albumin/globulin ntio Ins been described by Bennett, Dodds and Bobertson 
(1930) in ca'^cs of portil cirrhosis without erndence of kidney damage In view of 
the relationship between the lea el of the blood proteins, especially of the serum 
albumin and the occurrence of drops} (Epstein, 1917, 1922) there can be little 
doubt that the oedema of the legs so frequentl} associated wnth cirrhosis of the 
liver is at least as much the result of In poproteiniiemia as of pressure on the mtra- 
abdominal \ cins, the explanation usually offered 

Conlrachhtg of the spleen — Observations on the contractility of the spleen 
were made in 16 cases b} notins the changes in the red and white cell counts after 
injecting 1 c c of adrenalin (1 in 1,000) subcutaneously The method used was 
that prea lously emplo} ed m studa ing the enlarged malarial spleen (Hughes and 
Slirn abta\ a , 1930) Some t} pical results are given m the followmg table — 


Case 

Rrn CELi-s per c -mm | 
(vrciioNS) j 

}\ HTTE CEELS PER C MM 

Before 

ndrenabn 

20 minutes l 
after 

1 adrenalin | 

Before 

adrenalin 

20 minutes 
after 
adrenalin 

1 

7 GO 

„4 ! 

1 

12,600 

12,560 

2 

G36 

0 97 

8 430 

10,800 

3 

5 o7 

5 88 

11,330 

13,900 

4 

3 0G 

3 34 

5,670 

8,700 

5 

5 24 

! 5 76 

1 7,070 

1C,130 

G 

3 40 

3 CO 

5,700 

12,360 

7 

5 43 

5 47 

4,530 

10,900 

8 

5 CO 

5 99 

1 

5,800 

8,100 



N o r r 

1 

n a 1 s 


1 

5 99 

7 30 

7,930 

10,830 

2 

5 75 

7 05 

7,770 

13,670 


1 

orm 5 

il recently 

' splenect 

0 m 1 z e d 

1 

5 50 

5 Cl 

8 100 

8,330 


In most patients the rise m red cells was much less than normal This was so 
even when the spleen was not enlarged In fact the rise was least marked in such 
cases, an indication that the relatively small size of the spleen was due to contraction 
of fibrous tissue which almost completely abohshed the function of the oroan as a 
hiemoglobin reservoir This indirect evidence of the condition of the ^leen is 
confirmed by post-mortem findings The changes in the total leucocyte count 
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did not cilways iiiii paiallol to those in the niunbcis of erj'^throcytes In certain 
advanced cases a large increase, up to 100 per cent or more, in white cells 
accompanied a small rise in red cells, the chief alteiation m the differential 
count being a small use in the piopoition of hmiphocytcs at the expense of the 
polyraoiphonuclcais The extia leucocytes could not have come fiom the spleen 
in these patients The lymph glands suggest themselves as hlcely souices In 
some individuals the total led cells w'cie much icduced in numbei while in others 
a condition of appaieiit eiythuemia existed This was usually seen m advanced 
cases and w^as probably due to concentiation of the blood The occimencc m 
such patients of incieased lesistancc of the red cells to saline haemolysis w^as 
confiimed (Hughes and Shnvastava, 1927) 

Ascitic Jltad - The specific gravity and the piotein and cell content of the 
ascitic fluid W'ere observed in 14 cases Piotein was estimated by Esbachs’ method 
and w^as found to vary from 0 03 to 1 pei cent, figuies lower than those given by 
Holleston and McNee (loc cit ) foi the ascitic fluid in portal cirrhosis The specific 
gravity ranged from 1,010 to 1,020 The cell content was variable In some cases 
epithelial cells predominated and in others leucocytes (mostly lymphocytes) Eed 
blood cells in small numbei were seen in all fluids except one Rolleston and 
McNee (loc cit ) suggest that the presence of red cobs in these fluids is the result of 
injury to vascular adhesions during pievious tapping, or rarely of peritonitis 
associated with alcoholism or of acute infections Erythrocytes were, howevei, 
found in cases that had not been jueviously tajipcd and that had no signs of 
peritonitis or of acute infection 

Renal efficiency — The uica clearance test for renal efficiency W'as done on 14 
cases by the method of Austin, Stillman and van Sl 3 dce (1921) This examination 
was suggested by the presence of allniminuria in some patients, by the fact that 
previously (Hughes and Malik, 1932) portal cirrhosis had been found at autopsy m a 
patient who died from renal failure resulting from chronic haimonhagic nephritis, 
and by the presence of patchj^ fibrosis of the kidneys in two other cases The 
‘ standard ’ clearance was determined and the findings indicated definite defect m 
kidney function in 6 cases, viz , clearances of under 30 c c , the average normal for 
adults being 54 c c Proteinuria varying from a trace to 0 6 per cent was present 
in four patients It is possible that in some advanced cases concentration of the 
blood maj" to a certain extent be responsible for the low ered ladney efficiency 

Glycogenic function — In the series of cases now being reported no tests of the 
glycogenic function of the liver were carried out Previous experience (Hughes and 
Malik, 1927), however, showed that defective storage of carbohydrates is common 
not only in our hospital patients who have cirrhosis of the liver but also in those 
who have not The sigmficance of this finding has already been discussed (Hughes 
and Malilf, loc cit ) 

Glmical featmes — In the fully developed cases the history, symptoms, and 
physical signs usually render the diagnosis obvious Sometimes, however, atypical 
cases are seen The association in one case of portal cirrhosis with advanced 
hmmorrhagic neplmtis has been mentioned as well as the occurrence of oedema, 
with or without proteinuria, in many instances In these patients the disappearance 
or diminution of the extra -abdominal dropsi’’ usually unmasks the ascites resu mg 
from portal obstruction and in some of them an enlarged liver may be dc cc cc , 
often wuth an enlarged hard spleen Ascites, due to tubercular or other orms 
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cliromc peritonitis oi to congestne heart failure, seldom gncsrise to tiouhle m 
di.igiiOMs but lieirt fiiliuo is sometimes the terminal event in old standing 
cirrhosis patients 

In most cises the abdominal svtlhng is sad to have developed in one to six 
or sc\cn month'' OctasioinlK tliere is a prcMous history of ascites vhich disap- 
peircd perhap-3 after tapping, and was followed b\ a long latent interval during 
which theic w is no iceumnlation of fluid m the abdomen In one patient this 
inter\ nl was as long is four \ ears In such a case one mav assume that the temporary 
disappear nice of a'-iitc'' w.is dm to the deaelopment of the collateral circulation 
which kept paic for i time with the obstruction to the portal flow but was 
c^cntuall^ insuflicicnt for this purpose 

Hamiatcmcsis *-onittimcs ocems m patients in whom there is little or no 
abdominal fluid and in these the diamiosis ma^ be difficult until ascites begins to 
de\ clop Tims — 

A H , ngwI-JS, Miishin isnli h Jm IikI iiillmd ton‘-idcnil>h {rom 'lexer', xt us admitted to hospital 
on 7lh Mari.li I'll! hiiIi n hiMor\ of ln\ mg liuti rciK-ntcd attacks of li'cmatemcsis and 
met cm diiniig tlic pitvioii', ten dace He was \en weak and anVimc, the red cells being 
onlc 21 millions per c nim and tlic licnioglobin jO per cent The leucocytes numbered 
]ust o\cr 4 0(10 [KT c n Tim conjimclic-c were slighth icteric The unne contained much 
urobilin and the blood tcniiii gave a strong indirect van den Bergh reaction The stools 
were drepU coloured mid contained occult blood No enlargement of the Inei could be 
niadt out but tin spleen was 4 fingers below the co^tal margin It was hard and tender 
(ponsplenitt'-) with an lingular surface The abdomen was lae and the superficial acins 
not prominent The iKritorical caaitj contained a little fluid The histon, samptoms 
and pht'ieil ‘■ign-- (including \ ra\ caamination) did not suggest peptic ulceration The 
\\ H was negatiac and no ainabit casts or oca were found in the stools The patient 
ran a tcin|)crature of '10 1 -100 F for five daas after admission Malanal parasites w ere 
not found in the IiIockI but ciuininc (SO grains daih) and plasmoquinc (i; gram daily) 
were gnen for a pcno<! of } week'- lbi\t\ grains a da\ of fem et ammonii cit were given 
during the whole of the patient s stay in hospital He left on 27fh April, 1933 From 
17th March 1033 there was no temperature nor was there any sign of recurTcnco of tho 
bleeding The ascitic fluid increased in amount up to about 19th March, 1933, when a con 
sidcrablc quantitc was jircsent Thereafter it decreased somewhat but never disappeared 
Tipping was not necessary The abdominal veins were more prominent on chscharge, 
than on admission There was no evidence of hccmorrhoids The patient’s general con 
dition on discharge was fairlv good 

In some patients the amount of abdominal fluid remains stationaiy even when 
contraction of the liver and spleen and increasing prominence of the abdominal 
veins indicates progressive portal obstruction Here again there is obviously a 
balance between the collatenl drainage and the degree of obstruction 

Mtiology — ^Tlie grounds ou winch it has been suggested that malaria plays a 
prominent part in the causation of this condition are the following the hrstories 
of patients show that they all have suffered from repeated attacks of malaria, 
mostly seasonal in incidence and treated insufficiently or not at all , malaria is 
known to damage the liver cells (Sinton and Hughes, 1921, "Williams, 1927) , 
enlargement of the spleen often precedes chmcally detectable changes m the 
liver , post-mortem examination has revealed chrome malanal changes in the 
spleen m every case of mine so far examined (about 15 in all) , m patients m 
whom no splemc enlargement can be detected during life, there is indirect 
eyndence of fibrosis of the spleen from the effects of adrenalin on the blood 
count , the pathological changes m the portal spaces of the liver are similar 
to those m the pulp of the spleen, viz , cellular hyperplasia with more or 
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less fibrosis It can of course be argued that the presence of an enlarged 
malarial spleen is no proof of the malarial origin of this condition, as in the 
population to which these patients belong malaria is practically universal and 
consequently enlarged malaiial spleens are very common Such spleens are, 
however, not as common among the general population, either inside or outside 
hospital, as they are among those whose liveis are cirrhotic Also, in the cases 
that go on to ciirhosis enlaigemcnt of the livei usually accompanies the splenomegaly 
Rogers {loc cii ) has suggested, as a result of post-mortem observations, that cir- 
rhosis of the livci in Bengal is due to amoebiasis In the Punjab, however, I have 
not found that amoebic infection is any commoner among patients with cirrhosis of 
the liver than it is among the general hospital population Repeated examination 
of the stools of 30 cirihosis patients showed amcebre in onl}’- 2 Syphilis would not 
seem to be a causative factor either In the vast majority of cases there is no 
history of syphilis, the post-mortem findings are not typical of syphilis and anti- 
syphilitic treatment has no effect on the progress of the disease Among 30 cases 
the W R was positive in two only Alcohol can also be ruled out as an aetiological 
agent as most of the patients never take alcohol in any foim So also can 
hookworm infection, which was absent fiom most of the cases examined’*' On 
the other hand spiced and irritating foods may play a causative role and the 
presence in some patients of fever of obscure origin, untouched by quinine, 
suggests that bacterial infection may also assist in the pioduction of the disease 
The occurrence of jaundice of a toxic nature in ceitain cases with no evidence 
of active malaria points to the intermittent action of some non-malanal poison 
on the livei cells This fact also supports the conclusion of Rolleston and 
McNee (1929) and of McNee (1932) that in poital cirrhosis the causative agent 
acts both on the parenchymatous and on the supporting tissues of the liver The 
lesions produced aie, like those resulting hom X-iays (Bolliger and Inglis, 1933), 
of a type from which functionally adequate regeneration of the In'^er-cells is not 
possible The severe toxic jaundice sometimes seen in the Punjab at the end of 
a bad malarial autumn (Hughes, 1926) may be related to cirrhosis of the liver 

It may be objected that malarial parasites aie not generally found in these 
patients during life or aftei death It is not contended, however, that continual 
active malarial infection is necessary for the pi ogress of the disease The enlarged 
spleen of chrome malaria is due to the proliferative response to malarial infection 
of the reticulo-endothelial cells and fibroblasts of that organ and it generally persists 
in some degree after the infection is destroyed In certain cases the hyperplastic 
and overactive splenic cells continue to destroy led blood coi'puscles and a form of 
haemolytic splemc anaemia results (Hughes and Shrivastava, 1931), while in others 
fibrosis and sliiinkage take place JJhanges similar to the latter are responsible 
for the replacement of the highly cellular tissue occupying the portal spaces m 
early cases of cirrhosis by the fully formed and almost non-cellular connective 
tissue seen in old standing cases The fibrosis, having been thus started, ma|ybe 
continued by other toxic agents such as those mentioned above, after the malaria 
has been eradicated 

Banti described thiee stages of the disease which is called after him, viz , (1) 
chronic enlargement of the spleen with anaamia, (2) enlargement of both spleen and 


* Schistosomiasis, a cause of cirrhosis of the liver m Egypt, does not exist in the Punjab 
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In er v ith subicteru^ niul urobilimirin, the In cr being at fiist smooth, and (3) cirrhosis 
of the Iner with ascites and perhaps jaundice The same three stages, or at least 
the last two of them, exist in the condition under discussion and hence it might be 
classified as a form of Baiiti s s) ndromc The following case illustrates the gradual 
change from the second to the final stage or from ‘ chronic malaiia with enlarge- 
ment of the spleen and In er to ‘ cirrhosis of the In er with ascites ’ — 

Z, nged 12, fcmnlc, \\l\o is still (Gtli lime 1933) iii hospital, was admitted on 14tl\ March, 

1933, on account of general iicakncss and mth marked snelling of the abdomen There 
ii ns a histori of irregular fe\ cr i\ itli rigors oi or a penod of 3 or 4 j ears Ko haimatemesis 
or inel'cnif The patient nns anxmie iiithonh niilhons red cells pere mm and S5 per 
cent ii'omoglobin The abdominal swelling was cbiiflt due to the presence of a very large, 
hard spleen wbicli extended downwards into the left ihac fossa and across the middle line 
The liicr was aho enlarged about two inches below the costal margin and had a resistant 
feel Neither organ was tender The urine contained a trace of albunim and much 
urobilin Tlie stools were deepK pigmented and contained a few hookworm ova The 
blood «cnim gaic a positiie indirect ran den Bergb reaction The M R was negative 
Hookiiorius were siKcc«sfull\ dealt with b\ the administiation of calcium tetrachlonde 
and ml of chenopodium Treatment otherwise has consisted chieP 3 in the giving of 
quinine, plasnioquinc and iron The patient has had no fever while in hospital 
During the past 21 months the liicr has become gradualK smaller till at present (6th June, 1933) 
it IS bareh palpable under the costal arch The spleen has slinink also but comparativelj 
little rinid has accumulated in considerable quantiti in the abdomen A sample of 
this fluid showed characters similar to tho«e of the ascitic fluid in cirrhosis of the liver The 
abdominal veins hare become prominent and altogether the case is now tvpical of portal 
cirrhosis with much enlargement of the spleen There are no h-emorrhoids and frank 
jaimdice has never been seen 

One IS, bowe\ er, inclined to agree with the suggestion of McNee (loc cit) ‘ that 
the term “ Banti’s disease ” should be deleted from our nomenclature ’ and that the 
conditions usualh so designated should be ‘ classified simply as the late stage of 
splenic amemia or what is perhaps more apt, as unusual types of ordinary portal 
cirrhosis m which high portal blood-piessure and changes m the spleen precede the 
onset of marked fibrotic changes in the liver ’ Looked at from the latter point of 
view the cirrhosis of the Iner found in Korthern India differs from ordinaiy portal 
cirrhosis only in the fact tint the imtiating if not the chief, causative agent, viz , 
repeated attacks of malaria, is one which usually produces marked specific changes 
in the spleen before fibrosis occurs in the liver 


Summary 

A general account, mauilv based on 30 cases, is given of the cirrhosis of the liver 
seen in Korthern India and the cause of the condition is discussed, with special 
reference to the part plaved by malaria It is concluded that repeated attacks of 
this disease constitute an important, if not the chief, setiological factor Investiga- 
tions into the following features of the condition are described , the presence 
of hyperbilirubinsemia, diminished contractility of the spleen, diminution of 
the blood proteins and or the albumin/globulin ratio and lowered efficiency of the 
kidney as shown by the urea clearance test Certain characters of the ascitic flmd 
are also described 
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Introduction 

From tlie days of Donovan onwards it has been the tradition of the Madras 
General Hospital as far as possible to avoid spleen puncture in arriving at a diagnosis 
of kala-azar We are aware that in Calcutta spleen puncture is said to be done with 
safety even on out-patients but an occasional, nay a rare, fatality has in Madtas 
acted as deterrent to resort to spleen puncture as a routine in clinching a diagnosis 
of kala-azar Short of a patient, painstaking search for parasites in peripheral 
blood, which one does rarely, one has been relying as a routine measure on history, 
the temperature chart, the red and white blood corpuscular ratio, the formol-gel 
reaction, the response to treatment and so on 

There have been occasions vhen one felt the need for a more consistent and 
reliable diagnostic measure, short of finding the Leishman-Donovan bodies on 
spleen puncture The gel reaction does not become positive for a peiiod of five 
months and even afterwards one comes across cases in which it does not defimtely 
help in diagnosis The serum antimony test has been foimd fallacious here 
(Guruswami Mudaliyar, 1924) The gel reaction is generally considered to be due 

( 361 ) 
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Dwqnoshc Vohie of Sown Piotein in Kala-azar 


to change in quality of tlie serum ouglobulin associated with quantitative increase 
(TAo}d and Paul, J028) Chopia and Choudluiry (1929, 1931) argue that gelation 
and opacity foini.ition — the two components in the leucogel reaction — may be 
due 1o two diftcient pioteins, of vliich opacity alone may perhaps he due to 
euglolnilm or another substance associated vith it and sharing its properties, 
and that hydrogen-ion concentration lias been ignored by previous workers in 
assessing the mechanism of the gel leaction They also suggest that gelation may 
be associated with destruction of led corpuscles and opacity piotein may result 
from the destruction of white blood cells, which is so excessive in hala-azar 
and on whicli is based the diagnostic impoitance in the disease of the red and 
white blood corpuscular latio 


Tnvestication bone 

The significance of sei lal protein estimations m controlling the response to 
treatment has been traced in kala-azar (Lloyd and Paul, 1928 , Lloj'^d, Napier and 
Paul, 1929), m malaria and typhoid (Lloyd and Paul, 1929), and in syphilis (Lloyd, 
1932) These authors have all along been more directly concerned with the 
serological contiol of treatment and its value in assessing the efficacy of the drug 
used, but incidentally they have also stressed the relative changes in the pioportions 
of the protein constituents — albumin, total globulin, euglobulinandpsoudoglobuhn 
The essential changes thej^ have noticed in kala-azai and secondary syphilis consist 
of a fall in albumin associated vith a rise in total globulin of which the euglobuhn 
was relatively highly increased, resulting practically in the reveisal of the nomal 
globulin/albumin ratio in kala-azai, with nearly "half the globulin consisting of 
euglobulin, while very nearly similar ratios obtained in secondary sj'philis In 
malaria and typhoid fever they have noticed a considerable fall in albumin with no 
change ora slight reduction, but not a rise, m total globulin so that while the 
globulin/albumin ratio was raised it never went above unity In typhoid fever 
there was besides a rise in euglobulin 

Lloyd and Paul (loc cit ) consider these protein changes essentially as immunol- 
ogical responses to the disease In an individual with no resistance or where the 
infection is vuulent the chances of obtaining the above-mentioned changes should 
be very slight All the same it struck us whether we could not extend Lloyd and 
Paul’s observations to eliciting their diagnostic value, if any, in kala-azar '^^lth 
this end in view we have carried out a series of estimations of seiura proteins in 
kala-azar, chronic malaria, typhoid fever, tubeiculosis and a number of other 
miscellaneous conditions in cases in the senior author’s wards as against controls 
of normal individuals consisting of his staff — altogether amounting to over 
80 cases The results have been tabulated with brief notes where necessary 
on individual cases (Tables I to VII) The period of investigations lasted fiom 
22nd June, 1932 to 8th April, 1933 

Discussion of results 

A study of these tables reveals ceitain^interesting features Wc must forth 
with point out that the serum protein estimations are not of undoubted va ue in 
the differential diagnosis of kala-azar at every stage of the disease At tlie same 
time we feel that in circumstances where genuine doubt arises as between ka a aza 
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and otliei diso liko chronu m\lun nnd bplcno hcpitomcpalics on tlie onehand, 
and kah- /u ind l\p]und fmor and tulHiculosia on the other, the serum protein 
value- ofTci a reitiin iinnunt of help in diauno^is shor+ of spleen puncture In no 
otlier dibC i^e do we find exeejit m sicondan bvphilis a siraidtaneoiis rise in total 
fllolndin w ith mere ive m euprlolnilin Tin le is not much diflicultv likcl} to arise as 
between kill irir lad sei ond in svphi'is Not iblc exceptions to the obseiv ations 
are Nos 1 S 10 md 1 1 of Tai>It II No 0 of Table IV, Nos 1, 5 and C of Table V, 
and Nos 2 11 17 .ind IS of T ible 1 If Of these No 1 of Table II was a case of 
prolonged pvKXia of unknown oriinn with liver ind spleen first becoming palpable 
in the course of lus lorn: st iv in hospita' The case defied all attempts at diagnosis 
and treitment till m the end nifrelv is a desperate measure, urea stibamine was 
in]ected and the tempt ntun dropped to normal and remained at normal and 
there w as ’•apid gain m w emht and impiov ement m general condition Probabh lie 
had no time to develop full inununitv Nos 8 11 and 12 probabh' belong to the 
sanu class No fi of T ible R was i splenonitgilv of m known origin He went 
home before fuither inv estimation could be made Cases 1, 5 and 6 in Table V 
were all cases of undoubted will-established tubeiculosis, of which No 1 presented 
evidences of assori.ited kill vai as well In No 2 of this table, a case of acute 
tuberculosis whiih could not be labelled as such till just before death, when 
scanty tubercle bacilli were detected in the sputum, the changes differ widelj from 
those found m kah-irar It is this tvpt of case of tuberculosis that is likeh' to 
give rise to difficultv m diffeicntial diagnosis In Table YII, Nos 15, 17 and 18 
were most likelv kala-arar and thev weic treated as such but could not be followed 
up till the end as thev ciascd attendine for injections No 2 was a case of 
cirrhosis of the liver with tubercular peritonitis, as revealed bv post-mortem 
examination 

AVhile in themselves, then, senun protein estimations cannot establish a diag- 
nosis of kala-arar, along with other evidences they are of real help even m cases 
where the formol-gel reaction is negative VTiether the serum proteins will havm 
changed sufficientlv eail} to permit the diagnosis with certainty of a case of very 
early kala-azar must be left an open question 

Interesting findings have been obtained in pernicious and other macrocjdic 
anamuas and m a number of other miscellaneous conditions Vhethei further 
study of the protein values in such conditions will be fruitful of valuable results 
it IS impossible to sav 

For want of accommodation, cases of kala-azar when once the diagnosis has 
been made are no longer kept as in-patients Thev are asked to attend as out- 
patients for completion of the treatment Other things being equal every adult 
receives as a rule 2 2 grammes of urea stibamine spread ov'^er 14 bi-weekly injections 
Some of the patients drop out in the middle without completing the course , all do 
not attend regularly This has been a slight handicap to the more thorough investi- 
gations of out-patients after discharge 

Attention is imnted to four cases (Nos 6, 14, 15 and 16 of Table II) Case 
No 14 illustrates the hypothesis that active malaria does not flourish in the 
presence of high globulin content of blood, and that the treatment with urea 
stibamine brings down the globulin content to very nearly normal, when the 
malarial parasite can begin to proliferate and produce symptoms Cases 6 and 15 
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sho^\ vciy ncaily noiraal valtics at tlic completion of then course though in 
2s 0 fi the pi reaction remained immediately positive This is in accord with Lloyd 
and Paul’s (1928) obscivatioiis and suggestions that the phenomena of the gel 
reactions aie induced by a change in the quality of the euglobulin fraction in kala- 
azai and not by increase in it's quantitative propoition which also occurs in 
kala-azai , that in the couise of treatment the return of euglobulin to normal value 
IS quicker than the restoration of its original quality Case 16 attracts special 
notice because of the simultaneous activity of both malarial and kala-azar 
parasites and of the formei in presence of high globulin induced bythe lattei 
In fact we had no reason to think of kala-azar in the case till vnththe persistence 
of fever in spite of the disappearance of malarial parasites from peripheral 
blood on exhibition of atebrin, we did a' gel ’ test to exclude kala-azar To our 
surprise the test was immediately a stiong positive and to complete the diagnosis 
we found Leishman-Donovan bodies in the mateiial obtained after splemc 
puncture The patient was responding well to urea stibamine Unfortunately she 
would not stay for completion of treatment and she did not attend for injections 
after discharge We had no opportunity of judging whether the malarial parasites 
had been exterminated oi whether they reasserted themselves under more favourable 
conditions brought about by return of globulin to normal values with treatment for 
kala-azar We do not know whether a similar case has been recorded Details 
of this case will be published elsewhere 

Summary and conclusions 

1 The serum protein changes in kala-azar while not absolutely diagnostic 
of the disease offer distinct help in diagnosis of kala-azar in doubtful conditions 

2 The essential changes in serum proteins in kala-azar are a fall in albumin 
with considerable rise in total globulin, associated with increase m the relative 
proportion of euglobulin A similar, but less striking change, has previously been 
recorded by Lloyd in secondary syphilis 

3 Serum protein changes in a number of miscellaneous conditions have been 
recorded 
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APPCNDIX 

^[ETIIOPS ]'0]{ TH}-. DDTRiniiX \TION OF \LBTO1LX, GLOBULIN 
VXD EUGLOBULIX IX BLOOD SEBUM 

Two colonmetnc methods wcic unplojtd — 

(1) A\ u’b method usiim M u s phenol reagent (Cole, 1920) 

(2) AVu and Ling s is modihcd b\ Greenberg, using Folm and Ciocalteu’s 

phenol reagent (Greenberg, 1929) 

Both the methods were dightl) modified to suit the conditions of oui 
laboratory 

Tin f}sl method 

The precipitation of the piotein fractions is done b) the ammomum sulphate 
method To the fust of threi test tubes in a rack 9 5 c c of 0 8 per cent NaCl is 
added and then 0 o c c of blood senun From the contents of this tube the total 
proteins ire estimated To tin. second tube 9 5 c c of 5/9 5 satiuated ammomum 
sulphate 1^ added ind then 0 5cc of blood serum effecting a half saturated 
ammonium sulphate This precipitates the globulms To the third test-tube 
9 5 c c of 3 3/9 o of saturated ammonn m sulphate is added and then 0 5 c c of 
blood serum to bring about one-third saturation This piecipates the cuglobulins 
One drop of toluol is added to each of the three test-tubes and they are kept at 
laboratory temperature oaernight Next morning the contents of the second and 
third tulles are filtered through No 50 AATiatman filter-paper Two c c of the 
contents of the first tube aud 2 c c of the filtrates from the second and third test- 
tubes are transferred to three centrifuge tubes and about 8 c c of water is added 
to each and then 1 c c of 10 per cent sodium tungstate, and 1 c c of 2/3 NH2SO4 
After 15 minutes the tubes are centrifuged for about 10 minutes at 2,000 revolu- 
tions per minute , the supernatant fliud IS remoied from all the tubes, and the 
contents transferred with a little water to three 25 c c flasks and two drops of 20 
percent Na2C03 i'^ added to each and shaken and then about 15 c c of water The 
standard is prepared by adding 1 c c of tyrosine solution (1 c c =0 2 mg tyrosine) 
toa25cc flask containing about 20 c c of water To all the four flasks 0 5 c c of 
AAVs phenol reagent is added, and then with constant shaking 3 c c of 20 per cent 
NagCOs The flasks are filled up to the mark with water, shaken well and after 
30 minutes their colours are compared m a colorimeter setting the standard at 20 
The first flask will gi\ e the t}'Tosme equivalent to the total proteins, the second 
albumin, the third albumin and pseudoglobubn From the results obtained the 
albumin, globulin and euglobiilin content of the serum is worked out 

The second method 

The major portion of the determinations were done by this method which is 
more accurate and quicker The precipitation of the protein fractions is done by 
Howe’s (1921) method To the first of tliree test-tubes in a rack 9 5 c c of distilled 
water is added and 0 5 c c of blood serum From the contents of this tube the 
total proteins are estimated To the second test-tube 9 5 c c of 22 5 fper cent 
anhydrous Na.SOi is added and then 0 5 c c of blood serum This precipitates 

J, MB o 
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tlie scium globulins To the third test-tube 9 5 e e of 14 5 per cent anhydrous 
Na 2 S 04 IS added and tlien 0 5 c c of blood serum This precipitates the euglobu- 
lins One drop of toluol is added to each of the tubes and they are kept at room 
teinpeiatiue ovcriught The contents of the second and thud tubes are filtered 
next morning through No 50 ’\A'^hatman filter-paper and 6 c c of the contents of 
the first tube -well shaken, and 5 c c of the filtrates from the second and third tubes 
are transferred to three 50 c c flasks and about 30 c c of water is added to each 
Four c c of standard tyrosine solution (1 c c =0 2 mg tyrosine) is added to another 
50 c c flask containing about 30 c c of water Two c c of 5 NNaOH is added to 
each of the four flasks and then 3 e c of Fohn and CrocaltciTs fl927) phenol reagent 
with constant shaking The flasks are filled up to the rnark with distilled water 
Their colours are compared in a colorimeter after 30 minutes the standard being 
set at 20 The t 3 ’TOSine equivalents of total proteins albumin, and albumin and 
pseudoglobuliu fractions are worked out from the colorimeter readings and from 
a knowledge of the tyrosine values foi the piotein fractions of the human serum, 
the albumin, globulin and euglobulin values are worked out 

The colorimetric method is said to be liable to errors up to about 10 per cent 
(Peters and van Slyke 1931) Since many normal cases are done by the same 
method, the results will give an accurate comparative idea of the amount of the 
protein fractions of the blood serum in kala-azai 


Cole (192G) 

Folin and CioojILTfu (1927) 
Gbbenberg (1929) 

Howe (1921) 

Peters and van Slike (1931) 
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On tFe basis of our previous ivork (Linton, 1932 , Linton and Shrivastava, 
1933a, 1933&), we have put forward the h)"pothesis that in tlie 'inbrios, derived either 
from water or from clinical cholera, two ti pes of specific carbohydrate are present 
lYe have shown that these two substances are similar in structure , in both, the 
aldobiomc acid portion consists of galactose and glycuronic acid, and to this com- 
plex IS attached in some strains a molecule of arabinose and in other strains a 
molecule of galactose Our earlier work led us to believe that these two carbo- 
hydrates were structures whereby the water-vibrios might be distinguished from 
the pathogens in that the water-vibrios were characterized by the possession of the 
arabmose-contaimng carbohydrate and the pathogenic forms by the cfalactose- 
contaimng substance 

As wiU be shown in this paper we cannot make this distinction, however, since 
ne hare now found two strains from chmeal cases of cholera in which the specific 
carbohydrate has been arabinose-contaiiung This finding appears to be of some 
importance in tending to estabhsh a close relationship between water-nbnos and 
those which occur in cholera , especially as the typical non-agglutinating uater- 
mbrios which we have examined have possessed the arabinose-containinl carbo- 
hydrate “ 
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In this papei vi e aie piesenting analvjbcs of six vibnos two isolated fiom water, 
and four from cases of choleia The' carholiydrates of Nos W25, 505, 1612 and 
585 liave been piepaied li}'- the methods picMonsh^ dcsciibed The carbohydrates 
of the other two strains, "W 3075 and ]GS7, liave.beon obtained by another method 
designed to avoid any possible contamination of the vibiio carbo]i}’drate with 
carbohydrate whrch miaht have come in from the agar on vhich the organisms are 
grown Essentialh*, tlie vibrios arc freed as completely as possible of the fluid in 
wdrich then growth has ocevnred 

The method which closeh follows one described by Furth and Landsteinei 
(1928), may be biieflj’’ outlined The oiganisms aie washed ofi in sterile distilled 
water contaimng phenol to make a final dilution of 0 5 per cent The washings 
are immediately put through the Sharpies Supeiccntiifuge, taken up in distilled 
water, thoroughly mixed, and centrifuged again The process is repeated The 
final wash w-atci is faintly } cllow' and slightly opalescent 

The ■'ubrios are iiow^ dissolved in N/2 NaOH and the solution allow’ed to stand 
in the lucubatoi at 37°C foi about an hour Hydrochloric acid is then added 
until the solution is only slightly alkaline, insoluble matter is centrifuged off, and 
the solution precipitated wuth 1] volumes of absolute alcohol After standing 
overnight in the refrigeiatoi the precipitate is taken up in water, insoluble matter 
removed by centrifugina:, and h 3 drochloiic acid added to make a N/10 solution 
The heavy protein precijiitate is remoied m the centrifuge, and the supernatant 
fluid, after being made alkaline, is again precipitated with ll volumes of alcohol 
The precipitate does not give am biuret reaction and does not reduce Benedict’s 
solution, except after hydrolysis 

The }’ield of caibohydrate bj' this method is small but satisfactory analyses 
have been possible 

Kesults 

J]' atei -vibi 10 No 25 — A smooth non -agglutinating vibrio, received bom the 
Pasteur Instrtuc, Shillong, and originally derived from water in Shillong 98 g 
of the gum were mixed with 1 1 sulphuric acid and placed in the incubator at 37 °C 
for 42 hours The amount of reducing substance obtained was 17 9 per cent, 
calculated as glucose The hydrolysate was fractioned as previously described , 
in some experiments Fraction II was removed with alcohol, and in others as the 
calcium salt A^dien heated for 12 hours on the water-bath at 80°C the reducing 
substances m Fraction II increased by 48 per cent No birther increase could be 
obtained after heating for 6 hours longer 

To a portion of the hydrolysed Fraction II barium carbonate was added, and 
the resulting salt, which was presumably barium glycuronate, was decompose , 
and the decomposition product reduced Benedict’s solution m the cold, a plmno 
inenon which is characteristic of glycuionic acid The supernatant rom 

wdiich the barium salt had been precipitated, wms treated with phenylhydia^mc 
Two t}’’pes of crystals appeared, the first of which melted at 185°C and the secon a 
202'’C Since the material in solution had been piecipitated only once with bariuin 
it IS probable that the higher melling point was that of the phenylosazone o 
glycuromc acid, Avhich had been left behind The known melting point o 
compound IS 200°0 -203°C (Noid 1922) 
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Friftinn TTI tbe follow ina compounds and melting points — 

Plicinlo«a 7 onc iriOT-in2''C , ]’57''C -15S°C Known arabino'e plienyl- 
oss7onc melts at 1G0°C 

^rotli}lplieinllndro/onc lfiO°C-]61°C Tlic known melting points of tlie 
snlnnose compound arc gn cn liv Zcmplcn (I‘)22)as ]61°C and IGl'C 

AIncic acid was formed and melted at 2]8°C-22n°C Potassium acid saccLa- 
rate was also formed 

\A e ma} conclude that the earbolndratc of water-vibrio No 25 has the same 
stnietiirc as that of other water-aibrios preMoiisIy studied It consists of an 
aldobionic acid and arabinosc The acid itself is composed of galactose and 
gKcuromc acid 

' Vibro No 503 — This organism was rcccned from Dr T Basil of the Bengal 
A’’accine Laboratori Calcutta It is a smooth agglutinating vibrio, isolated cany 
in a clinical case of cholera 

10 9 g of the polvsaccharidc w < re kept for 42 hours at 37°C w itli 1 1 sulphuric 
acid, and at the end of this period vielded 19 5 per cent of reducing substances 
Friction II was twice separated as the calcium salt, which on decomposition 
slowed 0 375 s of reducing substance, calculated as glucose Hydrolysis on 
the steam-bath gave the follow me increases m reducing substance at the 
times noted — 


Penod of 
heating 

Airount of reducing 
siibctanee as 
ghico'c 

S 

1 

Percentage 

increase 

1 

Original 

0 375 


11 hours 

0 700 

86 

IS 

0 788 

110 

15 „ 

0 806 

114 


0 825 

120 

19 

i 

0 806 

114 


Other workers have found that the maximum hydrolysis of aldobinmr. nn-„ic 
occurs after about 18 hours’ heating It is probable that the fall m amount at 19 
hours represents destruction of the rediicmg substance 
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The hydrolysate of Fi action II was concentrated to drvness, taken np in hot 
acetic acid, seeded "viitli galactose and placed in the refrieerator for one week Tlie 
crystals nhich appeared melted at ]56°C— 160°C On re-crystalhzation their 
melting point "nas 1G7°C Known galactose also melted at 167°C 

The mother liquor remaining after filtering off the crystals was evaporated 
to dryness in vacuo to get nd of acetic acid The dried material, taken up in a 
little vater, reduced Benedict’s solution in the cold, thus showing the presence of 
glycuronic acid 

The following compounds were formed from Fi action III, and their melting 
points determined — 

Phenylosazone mp ]63°C-165°0, 160°C-163°C Known arahinose 
phenylosazone melts at ]60°C 

Methylphenylhvdrozone m p 169°C The known arahinose compound 
melts at 164r°C 

Here again Fraction II consists of glvcuromc acid and galactose, while Fraction 
III IS pretty clearly aiahinose This oiganism, then, is an example of a strain 
containing arahinose, and which is at the same time an agglutinating vibrio 
isolated from a case of cholera 

Fihno 1612 — This orgamsm, which was aeceived from Captain C L'Pasneha, 
IMS, was isolated fiom a severe case of choleia on the second day of the disease , 
the patient died on the third day It is a rough, non-aggliitinatmg vibrio, and was 
the only vibrio isolated fiom this case 

A portion of the gum (7 76 g ) was hydrolysed on the sand-bath for 2 hours 
and yielded 22 per cent of reducing substances, calculated as glucose The aldo- 
bionic acid was removed as the barium salt, and Fraction III was treated in the 
way already described for the crystallization of galactose After standing for 8 
days in the refrigerator, the snowy wdiite crystals were filtered off, and dried They 
melted at 167^0 , leduced Benedict’s solution strongly, had a sweet taste and 
showed a specific rotation of +87 4° (285 mg in 10 c c wyater) 

The filtrate from these crystals yielded a phenylosazone which melted at 199 C 
Known glycuromc acid phenylosazone melts at 200°C -203‘’C 

An attempt to crystallize arahinose from the filtrate gave a negative 
result 

A second portion of the gum (9 53 g ) was heated on the wyater-bath for 30 
hours at 80°C , and gave 20 8 per cent hydrolysis The aldobionic acid was again 
precipitated w'lth barium, and Fraction III treated as before and seeded w'lt i 
galactose After a week’s time the crystals which had appeared had a melting 
point of 154°C -155°C and a specific lotation of +87 5°C (169 mg in 10 c c o 
water) On re-crystallization the sugar melted at 160°C 

An attempt to crystaUize arahinose from this material also gave a negative 
result 

The polysaccharide of this vibiio has the usual aldobionic acid structure m 
Fraction II, and Fraction III consists of galactose This vibrio is particu ar y 
interesting, because, although it is rough and non-agglutmating it still posses 
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the sniiic poh ■^Tcclnncle ns m found in some smooth and agglutinatmg 
organisms 

In our preMous uork Me have snen an instance of a rough nou-agglutinatmg 
orgnni‘:m hnMiig the same carboliTdrate structure as the smooth, agglutinatmg 
form from mIucIi it was derned In that instance, at least, the smooth-rough 
transition had no effect upon the polysaccharide 

Fitrio 585 —This strain was obtained from the Pasteur Institute, Shillong, 
and had been dcri\ cd originally from a fatal case of cholera m Karachi in 1932 
It agglutinates at a low titre with Kasauli cholera serum, and is morphologically 
a typical vibrio 

The <nim derived from this vibrio (5 848 g ) was heated with acid for 3 hours 
on the water-bath at 80°C , and then put for 16 hours m the incubator at 37°C 
The yield of reducing substances was 29 9 per cent calculated as glucose Fraction 
II was twice precipitated as the barium salt, and on treating a portion of it wuth 
mtric acidmucic acid uas formed uhich melted at 222°C Potassium acid saccha- 
rate was also formed from the same portion, showing thus the presence of glycuxo- 
nic acid The sugar which crystallized out of Fraction II, after seeding with 
galactose, weighed 0 3182 g , melted at 160°C -161°C , and had a specific rotation 
of -f 78 9°C (0 114 g in 10 c c of w'ater) 

Fraction III gave mucic acid which melted at 224°C 

Vibrio 1687 — This smooth agglutinating strain, receiyed from Captain 
Pasneha, was isolated from a severe case of cholera, which terminated in 
death 

The carbohydrate (0 220 g ) was hydrolysed for 8 hours at 80°C on the water- 
bath and gave 12 4 per cent of reducing substances A phenylosazone foimed from 
Fraction III melted sharply at 182°C , and the appearance of the crystals under 
the microscope was that of galactose Fraction II yielded potassium acid saccha- 
late, thus showing the presence of glvcuronic acid 

The results of the study of i ibno 1687 indicate that we are deahng with an 
orgamsm having galactose as the characteristic sugar attached to the aldobiomc 
acid 

Water-vibrio No 3075 — This non-agglutinating water-vibrio was received 
from Captain Pasneha It has the smooth-rough type of growth, as shown by 
testing with iliUon’s reagent 

We have isolated from it a sugar whose phenylosazone melted at 158°C , and 
m aldobiomc acid which showed the presence of galactose and glycnromc acid 
This organism then resembles other water-vibrios in that it is characterized by the 
possession of arabinose in its specific substance ' 


Discussion 

In this paper and the preceding one, we have presented analyses of ten vibrios 
Their sources, the sugars present in the Fraction III of each one, and their reaction 
to agglutinating serum may be seen m the table below The composition of 
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Fiactiou II has not been indicatccl , in every vibrio m the table it has been found 
to consist of galactose and glycuionic acid 


TABIiB 


Number j 

- 

Origin 

Sugar found m 
Fraction III 

Agglutination 

reaction 

1 

454 Smooth | 

Cliolera j 

Galactose 

Agglutinable 

454 Rough 1 

454 Smooth 

» 

Inagglutiiiable 

1612 

Choleni 

ft 

Agglutinable 

585 


t 

f 

1 

16S7 


tt 

1 ff 

505 

T? 

»> 

Arabinose 

1 ft 

1 J> 

Jit 

WS41 

tf 

Water 

ft 

» 

Inagglutinablc 

W25 

If 

tt 

„ 

iy3075 

tf 

♦ 

i 

tt 


As we have already pointed out, these vibrios are divisible into two gioups, 
one of which contains galactose and the other aiabinose "With two exceptions 
the vibrios derived from cholera cases are galactose-contaimng, and all the water- 
vibrios contain arabinose However, strains 505 and E show that this is no 
absolute rule, since both were derived from cases of cholera and both possess an 
arabinose-contaimng polysaccharide The bearing of this finding on the question 
of the relationship between water-vibrios and clinical choleia is highly suggestive 


SUMMAKY 

Analyses are given of the specific carbohydrates of six vibrios, four of them 
derived from cholera cases and two from water The previous finding of wo 
types of specific substance in the vibrios is extended to these strains, some of w ic ' 
contain galactose and some arabinose as the characteiistic part of their polysacc la 
rides 
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Method 

The stools stliicli we have examined were collected at intervals of a few hours 
from patients in the Cholera Y’’ards of the Campbell Hospital, Calcutta Only 
fluid stools, white to light yellow m colour, n ere taken and semi-solid stools and 
those stained nith blood v ere not used The stools, 5vhich nere usually alkaline 
were made slightlv acid to litmus with acetic acid, and concentrated on the water- 
bath Between one and three litres of stool was obtained from each case, and this 
amount was reduced in volune to between 200 c c and 400 c c The hea^ v precip- 
itate which appeared during the concentration was eentrifiiged off, and strone 
XaOH added slowlv and with constant stirring until the fluid was just alkahne^ 
During the addition of the alkah a heavy fiocculiun separated out and was removed 
m the centrifuge The clear supernatant fluid was then precipitated with one and 
one-half volumes of absolute alcohol, and the white flocculum which anneared 
durmg the course of an hour’s standing was collected and dried in the hot-am oven 
This substance does not give a biuret reaction and its polysaccliaride natuxe is 
shown by the fact that it does not reduce Benediet’s solution until it ha. been 
hydrolysed, after which it reduces strongty ^ 

The dried carbohydrate was weighed, and dissolved in 3 per cent H dO 
The amount of acid used foi dissolving laried from 10 c c to 50 c c accorS^/n 

( 385 ) ® 
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the weight of the substance The solution was placed under reflux in the hoihng 
watei-bath foi 2 oi 3 hours, and at the end of that time reducing substances had 
appeared in amounts suflicient to give a strong reduction with Benedict’s solution 
The hydiol)"sate \\as then treated with sodium acetate until it was neutral to congo 
red paper, and one volume of alcohol was added to remove the inorgamc salts 
After centrifuging, 0 3 c c to 0 8 c e of phenylhydrazme mixture (1 part phenyl- 
hydrazine and 1 part of 50 per cent acetic acid) was added to the clear supernatant 
fluid, and the tube placed in the boiling watei-hath for 30 or 40 minutes The 
crystals which appeared after allowing the solution to cool in the water-bath (and, 
preferably, to stand overnight) rvere filtered ofl, purified by dissolving in hoihng 
water, allowed to re-cr} stallize, dried, and the melting point determined in the 
usual way 

By this method it is possible to identify a sugar derived from a polysaccharide 
in a stool within a few hours after receiving the stool in the laboratory 

Results 

Details of the eleven stools examined by the above method are shown m the 
following table The amount both of polysaccharide and of reducing substance 
derived from it are quite variable We cannot say whether this variation is an 
actual result of the disease state, or whether deficiencies in the techmque are 
responsible It is probable that further effort will give us more consistent results 
on this point, but it should be emphasized that as it stands the method is 
adequate for the isolation and identification of sugars in rice-water stools 

Table 


Analyses of poly sacchai ides denved from nce-ivatei siools of patients infected 

with choleia 


Number 

Amount of 
stool 

0 c 

Yield of 
polysaccharide 
mg 

Percentage 

hydrolysis 

Melting point of 
pbenylhydrazine 
compound 
"C 

Outcome of the 
infection 

1* 

1,500 



183 


2* 

2,000 

260 

8 

183-185, 185 

Recovered 

3* 

1,500 



180 

Died 

4 

1,000 

460 

6 

184-185 

Recovered 

5 

2,500 

700 

17 

180 

Do 

6 

1,300 

1,510 

1 

178 

Died 

7 

2,600 

970 

12 

179-181 

Recovered 

8 

2,750 

2,900 

6 

166-168, 155 

Do 

9* 

1,000 



166 

Died 

10 

2,000 

900 

3 

162 

Do 

11 

1,000 

240 

3 

135, 135 

Recovered 


* These polysacchandes were extracted from the stools by the method previouslj descnbc 
(Linton and Shnvastai a, 19336) 
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The meltint: points of the phcnjlo'i zones (with the exception of No 11, which 
wc slnll di'-cii'-s hclow) mn he dnnkcl into two groups In the first are those 
melting at temjier iturcs \ ir}ing from 162°C to 1G8°C (Nos 8, 9 and 10), and 
second the remnmim' sinnrs, whose osazonc compounds melt between 178°C and 
ISo^C and a^eT\"c 1S2°C for the set of observations 

It appears to us suLrnestne that the melting points of these two groups 
approximate those of the phemlosizonc compounds of arabmose (160°C ) and 
gilactose (186‘^C ) These aie the sugars which wc have previously found to be 
characteristic for the two pol} saccharides denied fiom the vibiios, when they have 
been grown in 1 ilro (Linton and Shrnastava, 1933a , 19336) That these sugars 
should appcir in cholcri stools is not surpiising, and confirms to a certain extent 
our prciioiis findings 

It IS of interest to note that the stools numbered 8 9 and 10 may contam 
aribiiiosc, the sug ir \hicli has also been found in the water-vibrios so far investiga- 
ted, and that the first two of these cases ended fatally e have already reported 
the presence of two other arabmosc-contaimng vibrios m cultures isolated from 
cholera cases It appears therefore that both types — galactose as w ell as arabmose- 
coutaiiung i ibrios — ma} occur in the disease, although w e are not yet in a position 
to state whether both are causative agents of cholera It should be noted that 
both the arabinose-contaming iibrios previously studied were agglutiuable, and 
th it the 1 ibrio isolated from stool No 9 was also agglutmable AYe do not have a 
record of the agglutination reaction of iibrios from the o'-her two stools 

Stool No 11 is of some interest The meltmg pomt of 135°C found does not 
correspond to that of any known phenylosazone AYc therefore prepared mixtures 
of known arabmose and galactose in the follownng proportions, formed the phenyl- 
osazones, and determined the meltmg points — 


Arabmose 

Per cent 

Galactose 

Per cent 

Melting point 
"C 

25 

75 

172-182 

50 

50 

135 

75 

25 

130 


A second sample, where the proportions were estimated by eye and not by 
weighing as above, gave a phenylosazone meltmg at 137°0 for a mixture of equal 
parts of the two sugars 

It is possible therefore that in this case both types of orgamsm were pi esent 
m approximately equal numbers, and each yielded an equal amount of its character- 
istic sugar AYe do not, however, claim that this interpretation is the correct one 
nor, smee it is a single example, are we able to lay any stress upon it ’ 

AYe have made an attempt to separate the hydrolysed polysaccharides into 
fractions smiilar to those upon which w e have reported in our precious work AYe 
were not successful, however, in identifying the constituents of these fractions 
(particularly those of the aldobiomc acid described previouslv in Fraction II^ 
probably because of the minute amounts of material available for analysis when the 
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separation and purification ]iad been completed We hope to return to this part of 
fhc study when more material is available 

In the Choleia Waids of the Campbell Hospital, rZaft-water (i e , fluid contents 
of green coconuts) is given to all patients who want it, and since it is obviously a 
carbohydiate-containmg fluid, it w^as thought worth-whileasceitaimngwhat sugar 
or sugars it contained It is probable that not all of the patients in our group had 
taken (Za5-water, since some of those who died w^ere highly toxic and comatose at 
the time when the stools were passed, and the fluid is given only to those who are 
able to ask for it 

Three hundied c c of the flmd, which reduces Benedict’s solution strongly, was 
concentrated to 100 c c on the water-bath A phenylosazone was formed which 
melted at 213°C , i e , the free sugar present is a monosaccharide, either glucose, 
mannose or fructose To the concentrated fluid one and one-half volumes of 
absolute alcohol were added, and the heavy w^hite precipitate which appeared was 
taken oS in the centrifuge, and diied The dried material was taken up in 3 per 
cent H 2 SO 4 and boiled on the water-bath for one half-hour The reducing power 
was found to have increased by 25 per cent A further boiling for another half-hoiu 
period caused the reducing power to fall by one-third, 1 e , to less than it was 
originally An osazone formed from the hj’-drolysed fluid melted at 2]2°C showing 
that no new sugar had appeared as the result of hydrolysis 

These results indicate the probability that daft-water contains an easily hydro- 
iysable disacchande, in addition to a monosaccharide, and that upon brief hydrolysis 
the disacchande yields a simple sugar which is not different to the monosaccharide 
originally present The disacchande is obviously very easily hydrolysed, and one 
of the constituents of the fluid is sensitive to heat In both these lespects the 
carbohydrate of ddft-fluid is different to the carbohydrate which is present in the 
vibrios 

It IS clear that ddft-fluid docs not yield either galactose or arabinose, and hence 
cannot be the source of the stool sugars which we have isolated 


We wish to thank Dr J F Coltman for his couitesy m allowing us access to 
the Cholera Wards of the Campbell Hospital 

Summary 

Polysaccharides have been isolated from rice-watei stools in eleven cases of 
cholera Upon hydrolysis these polysaccharides yield reducing sugars which have 
been tentatively identified as galactose and arabinose We have previously shown 
that these are the characteristic sugars of the specific carbohydrates of the vibrios 
when grown vilio 
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It Mas pointed out in previous communications (Radhakrishna Eao, 1932 , 
Tirumurti and Radhakrisbm Piao, 1932) tliat the results of the investigation — both 
clinical and pathological — into the causation of ascites in this part of India, definitely 
show that decompensation of the heart and cirrhosis of the liver are the commonest 
causes of ascites and that nianj of the cirrhosis of the liver are of the portal type 
In the present paper, cases of ‘ Decompensated Portal Cirrhosis ’ are studied in 
greater detail nith the object of throwing further lisht on the subject Many 
patients suffering from ‘ decompensated portal cirrhosis ’ are admitted eveiT year 
into the Aledical "Wards of tlie King George Hospital, Vizagapatam, and my 
observations and the results of investigations on these patients durmg the last 
two } ears are gn eu in this paper 


(1) Selection of cases 

Only those cases with definite exidences of portal obstruction and ascites were 
selected for this study In all these cases the diagnosis was confirmed after a 
thorough im estigation Out of the 64 cases selected for this study the clmical 
diagnosis was Aerified at operation in 2, and at necropsy in 12 cases' 


(2) Incidence 

In a series of 86 cases of curhosis of the In^er (excluding the cases of infantile 
biliary cirrhosis) carefully investigated in the hledical Wards of the King George 
Hospital, Vizagapatam, 65 cases were associated with ascites, while in^the rest 

( 389 ) 
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(21 cases) theie v/as no fluid in tlie abdomen The causes of cirrhosis of the liver in 
tlie 21 cases without ascites aie gn^en in Table I belou - 


Table I 


Showing the cavses of ciiihosis in the 21 cases without ascites 


Sen lI 
number 

Cause of cirrliosis 

Number of 
tabes 

1 

‘ Gummatous hepatitis ’ {Hepar lobalum) 

1 

2 

iSl’phiJjfie cirrhosis 

1* 

3 

Late congenital syphilis 

5 

4 

Splenic anaimia 

2t 

5 

Bronzed diabetes (?) 

! 1 

6 

Portal cirrhosis 

n 

7 

Hypertrophic biliari’' cirrliosis 

4 


* In tins case there was niariccd improvement after auti syplnhtic treat 
ment 

t Tlie clinical diagnosis iras lorified nt necropsy in one case 
t The climcal diagnosis was verified at neorops}' in tv o cases , two 
cases were admitted for bleeding piles and one gave a history of repeated 
hosmatemesi'! 

Following Eowntree’s revised climcal classification of cirrhosis of the liver 
(c/ Chapman, iSnell and Eowntree, 1931), the present senes of cases is classified as 
follows (Table II) — 


Table II 

Showing an analysis of the present senes of cases based on Rowntiee’s 
clinical classification of cinhosis of the liver 



^A) Compensated 
ciirhosis (vith 
adequate portal 
circulation) Number 
of cases 

(B) Decompensated 
cirrhosis ivitli 
ascites (inadequate 
portal circulation) 
Number of cases 

1 Portal cirrhosis (large or small li\er) 

7* 

04 

2 Biliary cirrhosis — 



(a) without evtrahepatic biliary obstruction 

! 4'' 

1 

(b) with extrahepatic biliary obstruction 

1 

[ 

— 


* These cases are taken from Table I (Nos 6 and 7) 
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Thus, it will 1)0 scon tint in this series of 8G cases of cirrhosis of the hvei 64 
eases (711 per cent) showed all the cMdeiiccs of ‘ decompensated portal eirrhosis ’ 
The ohscr\ itions in the present paper arc based on a detailed studj of these 64 
eases 

It maa be noted here that no case of einhosis of the liver described under the 
f^roup ‘ Proiircs^n c Icnfieular elegenerition ’ (^^ ilson 1612) or ‘ hepato-lenticular 
degeneration’ (Hall, 1621) was met with in this series 


(3) JEhology 

The age sea- and oeeupalioiial iiicideiice of the 64 cases of ‘decom- 
pensated poital cirrhosis ’ studied in this paper are given in the following 
tables (Tables III, IV and V) — 


Tablf III 

ShoJintg (he age dislribiihon of the 64 cases 


Scnnl 
number j 

1 

1 

Ape (in years) 

dumber of 
cases 

1 

! 

Below 5 

5 

2 

i 

5-10 i 

1 

3 

1 

10-15 

1 

3 

4 

15-20 

4 

5 

20-30 

10 

6 

30-40 

21 

7 

40-50 

11 

8 

50-60 

8 

9 

Above 60 
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Table VII 

Shoiving the (hituUdion accoiding to status of the 64- cases 


Serial 

number 

Status 

Number 

Adults 

or CASES 

Children 

1 

Poor class 

I 

3C 

3 

2 

Lower middle class 

1 18 

1 

1 1 

3 

Upper middle class 

4 

2 


Ricli class 




Out of the 64 cases 43 were from Vizagapatam district, while 11 were from 
Godavari, 9 from Ganjam and 1 from Kurnool districts The majoiity of the 
patients admitted into the King George Hospital, Vizagapatam, belong to the 
Vizagapatam district and this fact explains the apparently greater number of cases 
seen rn this district, in the present senes 

It will thus be seen that ‘ decompensated portal cirrhosis ’ is more common 
among the poor and lower middle class people of the Hindu community, between 
the ages of 20 and 50 years , males are more ahected than females , and it is more 
common among the ryots (cultivators) and other people whose worlc lies mainlv m 
the fields, though it is also seen in people rvith other occupations No case of portal 
cirrhosis was seen among Europeans or Anglo-Indians 


(4) Pievtous hist O') y 

The important data noted in the previous history of the 64 cases in the present 
series are given in Table VIII It may be seen from the table that 30 cases (46 9 
per cent) gave a history of fever with chills foi long periods before the onset of the 
disease and the patients m most of these cases noticed enlargement of the spleen, 
even before the onset of ascites It may be pointed out here that malaria is very 
common m this district In a few cases history of an irregular fever was present 
before the onset of the ascites The high incidence of malaria in this district and 
the histoiy of fever with chills, suggest that tlie fever in most of these cases was 
probably malarial in nature , but, whether it is an integral part of the disease under 
consideration or not, it is not easy to decide 

Few patients in this series gave a history of dysentery or gastro-enteritis, tliough 
the incidence of intestinal diseases in this district is very high In both the sexes 
tobacco-smokmg is very common in the poor and lower middle class people 
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Hi'^tory of liromnfomcsis prcscnl in throe cases In tvro cases it was 
repeated dnrin" n short interaal and one patient (case No 151) snccnmhed in the 
hospital to a fatal haeinateinesis In one case there was a histora of repeated 
attacks of epistavis for two rears pnoi to admission into the hospital for 
‘ decompensated poital cirrhosis ’ of three months’ cliuation 


Table VIII 


Shoinvrj the important data noted in the previous hisfoiy of the 64 cases 


Scnnl 

numl)cr 

Ilistorj of 

Ncwbeb 

OF CASES 

Adults 

Children 

1 ' 

Sspliihs 

3 


2 ! 

Anti syphilitic treatment 

1 


a j 

Tuberculosis 



4 , 

Drsenten 

15 


5 

Gaslro entcntis 

4 

3 

C 

Fever 

5 

2 

7 

Definite malnna 

30 


8 ' 

Alcohol {a) Arrack 

5 



(tj) Toddv 

9 



(c) Brandy 

1 

1 



(rf) Other alcoholic dnnks 



9 

Tobacco smoking 

41 


10 1 

Hffiinatemcsis 

3 


11 1 

1 

Epistavis 

] 


12 

Bleeding from the gums 

1 


13 

J Bundice 

7 

1 
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It nifty be seen from Table VIII tliat tlie nnmbei of cases i\ith a positive lustoiy 
of consumption of alcohol (in ani’’ form) is sniprisingly low This is tindoubteclh 
due to the poverty of the poor and lover middle classes who cannot afford to buv 
alcohol, oven if thc}^ wish to indulge in it All the patients in this senes were 
carefully and delicately questioned to elicit the history of alcohol of one variety 
or another Only 9 patients gai^e a history of the drinking of toddy, 5 of arrack 
and 1 of brandy IHven in these patients only 2 gave a histoiy of excessive 
drinking, while the others were not habitaally addicted to it, being accustomed 
to drinlc in small quantities on festive occasions 

The notes of the two cases in which there was a history of excessive drinking 
(of toddy, arrack or brandy) arc given below — 

Case No 96 — An aged barber ( Hindu) sought admission into the King George Hospital for pain 
in the right hjpochondrmc region, of 6 dajs* duration He contrneted syphibs in Eangoon and had 
dysentery (for nhich he nas treated at Eangoon) six months ago He nas habituated for the last 20 
■\ears to drink toddy dni]-\ in large quantities till he nns tipsj, and arrack once a neek 

All the signs of portal obstruction neie present , the left lobe of the Iner iras fender on palpation, 
the right being not palpable The spleen ■was not enlarged The patient 'nas empirically given seven 
emetine injections, though there was nothing: abnormal in the microscopic examination of the motion, 
with no improvement in his condition He gradiialh became -worse and died in a ^ol-vmic state A 
post mortem was not permitted 

Case No 108 — A Hindu, middle aged man, who recently returned from Singapore, where he 
was employed as a coolj in a mill, was admitted into the King George Hospital foi swelling of the 
abdomen and breathlessness of six months’ duration The patient contracted syphilis at Singapore 
and was a smoker He was addicted for the last 14 years to toddv and arrack in moderate amounts 
on alternate days and large dosep of brandy once in cver^' 10 dn^ s 

The patient showed all the signs of portal obstruction The right Jobe of the liver was not pal 
pable, while the left lobe (after paracentesis of the abdomen) was found to be hard and fiiielv granular 
The spleen was markedly enlarged reaching a level of about 2 inches above the Ponpart’s ligament 

The hver function was markedlv impaired ns was shown by the high retention of Eose Bengal 
(98 6 per cent at the end of the Sth minute) and the diminished tolerance for lavulose As in the blood 
and the ascitic fluid Tl’'asserinann reactions were positive, the patient was treated with iodides and 
salyrgan Paracentesis of the abdomen was done thrice during his stay of 3 weeks in the hospital, 
and the ascitic fluid was found to be a transudate 

The patient gradually became worse, was unconscious towards the end and died in a state 
of coma Post mortem examination showed a multi-Iobnlar cirrhosis of the hver and a marked 
passive congestion of the spleen 


(5) Family histones 

There is nothing in the family histones to suggest that the disease is familial, 
though in two cases there was a history of another membei (brother in one 
case and wife in the other) of the same family having been similarly affected 
In two children, m which the disease was the hejiatic manifestation of late 
congenital syphilis, a history pointing to similar affection in the other members 
of the same family was obtained 


(6) Dietetic studies 

The diets of all these patients in the present series were carefully investigated 
■with a view to find out if there are any dietetic errors or irregularities 
for the disease The diets of these patients have been found to he in no way differe 
from the normal people belonging to the same class and caste The following a 
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(Table IX) ';bow-> tint amongst fi-l oases tbcie neie 58 non-vegetaiians and G 

\e2ctaTians — 

Tvnir IX 

Shntnvg the votine of diet tn the 64 cases 


Vt Mnrn or cisrs 


'Naliirc nf rlipt j 

1 

1 ChiUlrcn 

1 

1 

(1) \on xopotnrinTi" j 

1 

, 5 

(21 YosPtnrnn'. | 

i ’’ ' 

1 


Though most of the patients were non-^ egetarians, meat, mutton or fish, nere 
onh taken oeeasionally once m a week or a fortnight The diets of most of these 
patients were deficient m proteins, fats and vitamins, especially A, C and I) The 
diets of the poor and lower middle class people are verv poor, both in quality and 
quantiti on account of their poverty In most of them the morning meal consisted 
of a small qnantitv of cooked rice with ‘ conjee ’ and chutney containing excess of 
chillies , the afternoon meal, of porridge made of ‘ ragi ’, ‘ ganti ’ or ‘ cholam ’ (with 
water and salt) , and the mght meal consisted of cooked nee or other cereals (‘ ganti ’ 
or ‘ ragi ’), with soup and chutney, and occasionally cooked vegetables, or 
buttermilk Eice was the staple article of diet in most of the cases Fresh 
vegetables, dhall, milk or milk products were taken only sparingly and that too 
occasionally 

There was an excess of chilhes, though not of the other condiments, in the 
dietary of all the patients belonging to the poor and lower middle classes 

The diets of the upper middle class patients were less unsatisfactory and 
consisted of two principal meals of cooked rice with vegetables, dhall, soup, ghee and 
buttermilk Though milk was not often taken by them as such, curds were often 
taken with the food Deficiency of protems and excess of chillies and other condi- 
ments were also found in the diet of these patients 


(7) Onset of the disease 

The majority of the patients were unable to give the exact time of onset of the 
dise'-se As the onset was insidious they had not paid any particular attention to 
the earher symptoms of the disease, which should have been vague Distension of 
the abdomen was the first symptom to be noticed to warn the patient that something 
was wrong A few patients gave a history of discomfort and occasional pain in the 
upper part of the abdomen, accompamed by dyspepsia and constipation, diarrhoea 
or some other gastro-intestmal disturbances They were unable to state whether 
the fever from which they had sufiered before the onset of the disease, was due to 
malaria or some other cause ’ 

The onset of ascites was acute m 3 cases and slow and gradual m 61 cases as 
seen from Table X In all the 3 cases m which the onset of ascites was rapid, the 

1 J j SIR 1 1 
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patients complained of pain in llie cpigastiic and light liypochondriac legionp 
Tlio diiiation of the ascites in the piesent seiics of cases, piioi io their admissio 
into the hospital, is also given in Table X — 


Table X 

Showing the mode of onset and the diiiation of the ascites in the 64 eases 


Mode of onscb and duration 
of nscitcs 

NuMnna 

Adults 

or CAsrs 

Children 

(o) Aculc — 



(1) One iicclv 

1 


(2) Tmo McelvS 

1 


(S) Throe „ 

1 


(i) Slow and giadnal — 



(1) 1 month 

G 

2 

(2) 2 months 

19 

1 

(3) 3 „ 

10 

1 

(4) 4 „ 

3 

1 

{'•>) 6 „ 

4 


(0) 6 „ 

4 


(7) 7 „ 



(8) 8 „ 

1 


(9) 9 „ 

2 


(10) 10 „ 

2 


(11) 11 » 



(12) 1 year 

3 

1 

(13) 2 years 



(14) 3 „ 



(16) 4 „ 

1 




It will be seen from the above table that, in most ot the cases, une uiu<tu.u 
ascites before the patient sought admission into hospital was ^ 

months In the others, it varied from a few months to one year a 7 
patient gave the duration of ascites as 4 years 
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(8) Signs and symptoms 

It IS iinnecessary to describe liere in detail tlie well-known signs and 
symptoms of ‘ decompensated portal cirrhosis ’ Some of the important findings 
on physical examination and the symptoms in the present series of cases 
are shown in Tables XI and XII — 


Table XI 

Shoning the important findings on physical examination in the 64 eases 


Senil j 
number 

1 

finding*? 

Eumdee 

Adults 

or OASES 

Children 

1 

1 

1 Fever 

4 

1 

0 

j AiTBium 

37 


s 

Jaundice — 




(n) Sub ictcnc tint of tho conjunctiva 

2S 

3 


(1) ‘ Overt jaundice ’ 

6 


4 

Jfaluu^ntion 

44 


S 

(Edema — 




(a) marked cedema of the feet 


6 


(b) cedema of the abdominal wall 

i 

1 


(c) general anasarca 

4 


6 1 

Dn skin 

'JO 


^ ! 
1 

Feins of the anterior abdominal wall — 



1 

(a) very prominent 

32 

6 

1 

(5) prominent 

18 



(c) faintlv seen 

7 



(d) ‘ Caput Mednsoa ’ 

1 


s 

Bleeding piles 



9 

Lner — 




(a) Enlarged 

0 

4 


(6) Left lobe only — enlarged and hard 

4 



(c) Left lobe onlv — not enlarged but hard 

12 

1 

10 

Spleen — 




(a) Sbght enlargement 

16 



(6) Moderate „ 




(c) Marked „ 


3 

11 

Ascites 

58 

6 


Hernia — 




(a) Ingumal 




(6) Epigastnc 



1 

(c) Umbilical 

1 
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Tabtf XJT 


SJiomvq the memt symq^loms m the G4 cases 


Son/ll 

nuniher 

Main symptom'; 

NuRinrn or casfs 

ArlultR 

Cliildren 

1 

1 

Breatlilpssnpss | 

52 

f. 

2 

Distension of tlip alxlompn 

5'? 

0 


Emaciation 

44 


4 

fannclipc 

0 


") 

Hsmiatpiiip'iis 

> 


0 

Blppdinj; ])iIps 

1 


7 

Mai Tin : 



s 

Dnirlian j 

*) 

1 

0 

Comfipalion 

5*1 

5 

10 

1 

Qpiipral MpnKnps« : 

42 


n 

Sp\prp alKloimnal jniii j 

i 


12 

Abdominal di^comfoit j 

40 

0 


It will thus be seen from Table XII that all tlie patients sought admission in o 
the hospital for dislensioi'i of the abdomen BieathJessness, abdominal discomjoi , 
constipation and geneial weahness were also tioublesome featiiies inmost of eTO) 
after the onset of ascites Most of them also observed qiadnal loss of weigt an 
pi ogi essive emaciation 

Table XI shows that ancemia, malnutrition (with ‘ hepatic facies ') andeedemaof 
the feet were marked features in most of the cases In 6 cases „ 

naundice while in 31 cases only a sub-icteiic tint of the conjunctiva J he s 
dry, inelastio and unhealthy in 50 cases and in most of them impetigo w as presem 
The veins of the antenoi abdominal wall were well marked and promineiv 
of the patients Typical ‘caput meduscc ’ was present in one * 

constant feature in all, in most of them, , ^^^^r^f-ents 4 

everted due to the pressure of the fluid in the abdomen Out of 'fcb® +r^flhnent 
were tapped once, and 6 twice, prior to admission into the hospital for tre - ^ 

The livei was enlarged only in two adult patients In one of 
No 106), the cirrhotic liver and the ascites were noticed ^ 
laparotomy in the Gynaecological Wards of the for further 

performed, and the patient was later referred to the , j j 4 eases 

treatment Only the left lobe of the liver was enlarged and Hard in ^ 
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while ni 13, it was not enhigcd but clefimtcl) hard In most of the cases, 
the liver w as not palpable 

The <iplccn was enlarged m most of the cases (43 m this series) It was smooth 
on the surface and fairU hard with rounded edges 

Hcrma which was ‘ common^ observed ’ in cases of ‘ decompensated portal 
cirrhosis ’ (47 in a scries of 112 cases) bj Chapman, Snell and Rowntree (1931), was 
found onlj in 3 in this series 

0)al bcpsis and/afor of Ihc b)en(h were common features inmost of the patients, 
111 whom the teeth were dirtj and piorrhcea alveolaris was present 

Cardiac and ichpiratoiij embarrassmentw as present, and theheait was displaced 
upwards in a large percentage of patients, due to the pressure of the large 
qiiantitj of fliud in the abdomen Oiganic diseabe of {he heart was not seen m any 
In 18 patients (28 1 per cent) the heart was slightly dilated, its sounds were feeble, 
and soft systolic murmurs w ere heard in the mitral and pulmonary areas , the 
second sound of the heart was accentuated in the pulmonary area and faintly heard 
111 the aortic area The blood-pressure was low' in most of the patients 

Apart from the signs and s)Tnptoms in the lungs due to the pressure of the fluid 
111 the abdomen, hydrothorax was found in one case, einjihysema in another and 
signs of luberculosis (which was not active) in 18 cases 

Dehriwn tremens, muscular tremor and peripheral neuritis — nervous manifesta- 
tions, commonly associated w ith alcoholic excess, m cases of cirrhosis of the livei 
(Rollcstou and McNec, 1929a) — were not seen in any of the patients m this series 
Vague symptoms of tingling or numbness m the extremities were present in some, in 
w horn the deep reflexes w'ere lost Though the skin w as unhealthy in most of them, 
seieie pruritus was present only m 6 

(9) Diagnosis and diffeienlial diagnosis 

As already raciitioued, the sjTuptoms of portal obstiiiction were defamte mall 
the patients selected for this study and the diagnosis w as further verified after a 
detailed investigation In most of them the di&ciilty w as not in the diagnosis of 
portal obstruction but in finding out the cause of cirrhosis 

It IS not necessary to discuss the differential diagnosis of ‘ decompensated 
poital cirrhosis ’ m detail, as the several conditions mentioned (c/ Rolle^ton and 
McNce, 19296) in the differential diagnosis of the disease do not in any way 
differ m this coimtry' 


(10) Dutalion and course of the disease 

Unfortunately', lU all these cases it w'as not possible to follow' them up aftei 
discharge from the hospital On account of their limited stay in the hospital, and 
in the absence of follow-up leeords, it is difficult to gauge exactly the duration and 
coiuse of the disease 

The average duration of stay of the patient in the hospital was less than three 
weeks Only 14 were in the hospital foi longer periods, varying from 1 to 5 
months The disease ran an apyrexial course in most of the patients during their 
stay m the hospital but 4 patients had a low, irregular and intermittent type of 
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fever Paracentesis was done m tlie large majority of patients to afford relief from 
the pressure effects of the fluid in the abdomen Many patients became progressively 
worse and 14 of them died in the hospital 

The duration of life aftei the onset of ascites in the 14 fatal cases is given 
below — 


Duration of life after the 
onset of ascites 

Numbci of 
cases 

Less than one montli 


2 months 

1 

3 

3 „ 

4 

6 

1 

7 .. 

3 

12 

2 


In some of these patients (who died), there was a terminal rise of temperatuie, 
while in others, the temperatuie was sub-noimal towards the end A few patients 
showed a rise of temperature on the day of the paracentesis 


(11) Prognosis and mmlahiy 


Though ‘ the prognosis in cases of cirrhosis of the livei associated with syphilis 
has been considered to be better than in other types of cirrhosis ’ (Chapman ei n? , 
1931), most of the patients in the present senes who showed either clinical oi serologic 
evidences of syphilis did not respond well to anti-syphilitic treatment, as the disuse 
was much advanced by the time they sought admission into the hospital The 
following case illustrates the beneficial effects of anti-syphilitic tieatment, in cases 
of cirihosis of the liver associated with syphilis, if it is begun eaily and persisted in 
for a long time — 


Case No 1 —A Hindu boy, aged 16 years, who was admitted into the King Gcoigc Hospital, 
Vizagapatam, for swelbng of the abdomen of 8 months’ duration, shoved all the signs and sj nip 
portal obstruction The right lobe of the liver vas not palpable, but the left lobe v as enlargca 
finger-breadths below the iiphistemum in the middle hne and hard The spleen vas enlarged 
level of the umbihcus and hard i 1 1 i 1 

Though there were no chmeal evidences of syphilis, the Wassermann reactions of the blood ana 
the ascitic fluid were positive and therefore the patient was given a complete course of 
treatment (iodides by mouth and intramuscular injections of mercuiy cream) The P , 
m the hospital for about 4^ months, during vhich period he was tapped 6 times arU 

improved and the abdomen filled up vuth fluid less rapidly than before At ^bo time of ^ nntiwit 
t£ was only a small quantity of free flmd in the abdomen and the general condVion of the pa^ 
good The patient was seen twice at intervals of two months after ^scharge from the h^ 
and on hoth occasions +here was no fluid in the abdomen, and the liver and sp en 


m size 


The prognosis in most of these patients was bad on account of the 
sta«e of the disease at the time of admission into hospital, and the incomp 
tieatment due to the brief period of stay in the hospital 
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There vrere 14 deaths (21 9 per cent) in the hospital in this series Three 
patients were discharged moribund Though in a few there was temporary relief, 
most of them showed no improvement at the tune of discharge from hospital 

(12) Mode of termination 

The modes of death m the 14 fatal cases are as follows — 


Coma 10 

Heart failure 1 

Delirium, mama and terminal coma 1 

Coma and terminal delirium 1 

Hsematemesis 1 


Ten patients m this series gradually became comatose and died, without 
hiemorrhage or auy infection The type of coma is peculiar and as remarked by 
Rowntree (1930) ‘ it is the appearance of normal sleep that is so impressive ’ One 
patient (case No 33) became delirious and acutely mamacal after paracentesis of 
the abdomen and he remamed in that condition for 2 days, after which he became 
deeply comatose and died Post-mortem examination showed multi-lobular 
cirrhosis of the liver Another patient (case No 151), who was apparently 
rraproiung, suddenly died after a profuse hsematemesis Post-mortem exammation 
showed a" coarsely nodular cirrhosis of the liver and dilated and tortuous veins 
(submucous) in the cardiac end of the oesophagus 


(13) Post-mortem appearances 


Of the 12 cases in which a post-mortem exammation was performed, the hver 

I finely granular m 4 and coarsely nodular in 8 In a child (case No 162), in 
li the liver w as finely granular and the left lobe markedly contracted, suggesting 
phihtic cirrhosis, microscopical examination showed typical multi-lobular 
osis ilacroscopical appearances of th^iver in the other cases (3 m this senes) 
of the finely granular variety and microscopically all of them were of the 
i-lobulai cirrhosis type In one mstance there was marked perihepatitis and 
polyserositis 

The macroscopic appearances of the hver in the other cases were those of the 
coarsely nodular type and microscopically the liver show ed appearances typical 
of multi-lobular cirrhosis The following is an illustrative case — 


Case No 138 — {See Pkte SX) A Hindu middle aged -uoman, uho was admitted into the 
King George Hospital, for swellmg of the abdomen and jaundice of two months’ duration, died m the 
hospital m a cholaanuc state 


The Wassermann reactions of the blood and the ascitic flmd were positive , there was marked 
retention of the Rose Bengal dve at the end of the 8th mmute, and diminished tolerance for tevnlose 
The hver was not palpable but only the spleen was enlarged to a finger breadth below the costal 
maigm and hard 

On post-mortem examination, the liter was found to be shrunken and much dinunished in size 
It weighed 35 oz The capsule was thickened and dense , grey bands of thickened capsule were seen 
especiaUv in the depressions between the nodules Somewhat uniformly granular appearance was 
seen only over a small area on the diaphragmatic surface of the upper lobe The rest of the lobes nre 
sented onlv a coarsely nodular appearance The organ was very resistant to the cuttiuE kmfe and 
^owed on section ^msh hver lobules of vaiymg size separated bv thick grey bands of fibrous tissue 
This n-as more marked m the nght lobe The consistency of the organ was yerv firm - ^ 
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Tho niicroscopic o\aniination of tbo li\or showed well mtirkcd thickenin" of the capsule with 
puckering of tho surface There ivas marked round coll infiltration in the Ghsson’s capsule and inter 
lobular connective tissue Tho distribution of the fibrous tissue was typical of niulti lobular cirrhosis 
!r/ic sj)lc€n 'weighed 1C oz and showed t 3 'pical appearances of passu c venous congestion 
The bile staining of tho liver in this ease was esidentlj a tcmiiual condition 

In the 12 cases, the spleen was enlarged markedly an 6, moderately in 4. and 
sliglitly in 3 , in one case there were miliary tubercles on the peritoneum, being 
part of a terminal generalized miliary tuberculosis Marked collateral circulation 
was found in 6 patients In one case (No 166) the whole of the omentum was dratvn 
to the left side of the abdomen, where it was firmly adherent to the abdominal wall 
below the level of the spleen forming well-marked collateral circulation No 
evidences of dysentery, recent or old, were found in the intestines in any of the 
fatal cases , only terminal colitis was observed in one case 


(34) Lahoiaiojy findings 

(a) Hannatology — In most of the patients, the blood-picture was that of a 
secondary ansemia, with a low colour index Though climcally ansemia vas found 
only in 37 patients, in most of them the lijemoglobm peicentagc was lover than 
normal, and m 26 it was very low In case No 1 the total icd-ccll count was 1 6 
millions per c mm and the hsemoglohm 35 per cent 

In the ma 3 ority of tlie cases, the total led-cell and whitc-cell counts v cie below 
normal Slight leucocytosis was present in 5 cases 

The di'Serential counts were normal, except that theie w as a slight picdonunancc 
of lymphocytes in a small numbci of cases 

The hsematological findings in the following case (in winch diagnosis of multi- 
lobular cirrhosis was verified post-moitcm) aic veiy near!} t}^pical of those seen in 
the majority of patients — 

Case No 42 — 


Hsemoglobm 

Total red cell count 

Total ivhite cell count 

Diffetential count 

Polymorphonuclear nentrnplnls 

Lymiihocj tes 

Eosinophils 

Monocytes 

Mast cells 


45 per cent 

2 4 millions jicr c mm 
2,G88 per c mm 

78 per cent 

n 

5 

3 
1 


(b) The fiagihty of the ied~blood cells W'^as dmiimshed inmost of the cases, wdidc 
in the rest it was witlun normal limits Tncieased fragility of the red cells w^is not 
found in any 

The coagulation time of the blood w-as either normal or slightly delayed 

(c) The van den Bergh leaction — Though ‘ overt jaundice ’ was only seen m 0 
patients, a direct positive reaction (delayed) ox an indirect reaction was obtaine lu 
most of them The bilirubin content of the scrum in these •was slightl}^ highoi wn 
the normal limits hut the jaundice was ‘ latent ’ 
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(d) Serological tests — In the few cases m whicli the ‘ aldehyde test ’ of Napier 
(1921, 1922) was done, it was found negative 

The results of the aqghitination tests with the dysentery grouj) of orgamsins 
show that positive results were obtained in a great number of patients who did 
not give a histor}’^ of dysentery A. positive reaction to B dysentericp (Flexner) 
oiil} was obtained except in a few patients who gave a ])Ositive reaction to 
both B dysenteriw (Plexner) and B dysentence (Shiga) 

The results of the AVassermaun reaction of tlie blood in the 55 patients on 
whom It was done are shown below — 


(+ + ) Stronply positive 

28 

( + ) Positive 

13 

(i) Doubtful 

4 

( — ) Xegatiic 

10 


It will be seen that the M assermann reaction of the blood was positive in the 
majoriti of patients 

The results of the examination of the blood aie sunnnarwed in the following 
table — 

Table XIII 


Sliowutg the analysis of the lesults of the cx'tmtmtion of the blood 

in the G-f cases 


Stnal 

number 

i 

Nature of examination i 

Number of 
cases 

(percentage) 

1 

Percentage of liamioglobin — 



{a^ Jfonual 

12 5 

i 

(!i) IjCss than normal 

4b 0 


(c) Ven low 

10 G 

2 ! 

Total red cell count — i 



i 

(a) Nonnal 

33 4 


(6) Le'-. than norni-il 

CGG 

o 

Total white cell count — i 

1 

[ 


(a) xtormal 

f »0 5 


(i) Lo«s than iiornml 

G1 S 


(e) xhglit lencoci tosis 

7 7 

1 
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Table XIII — concU 


Scual 

number 

Katurc of examination 

Number of 
cases 

(percentage) 

4 

Ji'ragility of the reel ccll« — 



(a) Noimal 

19 0 


(6) Diniimahcd 

I SI 0 


(c) Increased 


5 

Blood coagulation time — 



{a) Normal 

41 0 


(b) Sliglitly delnjcd 

59 0 

0 

A an don Bcigh reaction — 



{a) Direct — 



(t) Immediate 

82 


(n) Biphasic 

12 3 


(in) Delayed 

61 0 


{b) Indirect 

11 0 


1 

(c) Negati>re 

7 i 

7 

Agglutination tests uith dAsenterv organisms — 



Ca) Positive 

55 8 


(&) Negative 

44 3 

8 

Wassermaiiii reaction — 



(o) Strongly positive 

50 9 


(6) Positive 

23 6 


(e) Doubtful 

7 3 


{d) Negative 

18 2 


(e) Live'! function tests — The liver function was diminished in raost of tlie cas 
as shown by the retention of the Rose Bengal at the end of the eighth minu , 
orreater number of positive Icevulose-tolei ance tests (diminished tolerance foi j 

and the leucopenia in the Widal’s hccmoclasic oisis The value of these cs 
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then interpretation, especially in cirrhosis of the liver, have been discussed in 
preMous papers (Radhakiishna Eao, 1932, 1933n, 19336) 

(f) Biochemical Jindings of the blood — The constant features found inmost 
cases of ‘ decompensated portal cirrhosis ’ were the low fasting blood-sugar and the 
low cholesterol content of the plasma The urea content of the blood was variable, 
while the creatinin and non-protein mtrogen were either withm or slightly above 
the normal limits ‘ The chemistry of the blood in cirrhosis of the liver ’ is discussed 
in detail in a separate paper (Eadhakrishna Eao, 1933c) 

(g) Urine — There was a trace of albumm m the urine of some of the patients, 
but it disappeared after paracentesis of the abdomen In aU of them the urme was 
scanty and ^gh coloured Bde salts and bile pigments iv ere present in the uime in 
those V ith ‘ overt jaundice ’, and iirobilm or urobdinogen in nearly all of them In 
some instances the urme gave a strong reaction for mdican Glycosuria was not 
present in any 

The renal efficiency, as shown by the uiea concentration test, was fairly good 
in most of the patients 

(h) Motions — ^ilicroscopic examination of the faeces showed liookworm infec- 
tion m nearly aU patients 

(i) Ascitic fluid — The ascitic fluid was a transudate in all the cases (48 in this 
series) in vhich paracentesis of the abdomen vas performed The specific gravity 
of the fluid % aried betiv een 1004 and 1012 The total protein content was less than 
1 5 per cent The fluid vas clear, straw-coloured or greemsh-yellow (shghtly bile 
stained in 6 cases) and faintly alkalme in reaction It did not coagulate either 
spontaneously or on standmg The centrifuged deposit contained endothehal cells 
and in most of the cases lymphocjdes (though there was no evidence of tuberculous 
peiitouitis) 

The culture of the fluid was sterile and in few' cases staphylococci were grow'n, 
probabl) due to contamination The organism isolated from the ascitic fluid in 
one case (Eo 2) did not conform to any of the biological tests for the knowm 
pathogens 

The results of the intraperitoneal inoculation of the ascitic fluid into guinea- 
pigs were negative in the few cases in which it W'as done 

The 'Wassermann reactions of the ascitic fluid were similar to those obtained 
by the blood-serum in most of the cases, but the results of the agglutination 
tests w ith dysentery orgamsms did not compare favourably with those of the 
blood-serum, either a negative result or a lower titre being obtained in many 
instances The value of the ascitic fluid in the "Wassermann reaction and 
the agglutination tests (with dysenteric orgamsms) is discussed in a separate 
paper (Eadhakrishna Eao, 19dM) 


(15) Treatment 

The results of treatment of these patients were verv unsatisfactory On 
account of the advanced condition of the disease at the time of admission into 
hospital, and the short duration of treatment, the response to it was very poor 
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pi£ictic6 {it tlic Joliiis Hoplcins Hospitol there was no case of advanced cirrhosis due 
to malaria ’ 

Thus, all the above evidences confirm that malaria cannot be considered to be a 
causal factor m the production of cirrhosis of the liver, though it may be an important 
predisposing cause 

The role of dijseniciy in the causation of ascites and cirrhosis was discussed in 
detail m a previous paper (Radhakrishna Hao, 1932) There was no history of 
chrome dysentery to suggest that it might have been an important factor in the 
causation of ‘ decompensated portal cirrhosis ’ Hameed (1933) investigated the 
so-called ‘ endemic ascites ’ in the King George Hospital, Lucknow, and showed 
that the causation of ascites in these cases is not due to ‘ chronic snpeiior 
peritonitis ’ (Sprawson) or ‘chioiuc d 5 ^seiitciic peritonitis ’ (Megaw) but to cirrhosis 
of the livei 


On account of the marked enlargement of the spleen in some of the cases 
(8 cases in this series), the question of sptemc ancenna wiih ieinnnal cwhosis 

(so-called Banti’s disease) in tlie causation of ‘ decompensated portal cirrhosis ’ 
requires consideiation As all these patients weie seen onl}’’ after the onset of 
ascites, it was difficult ehnically to diffeientiate cases of pnmaiy portal cirrhosis 
from those of the so-called Banti’s disease, as the clinical picture is almost the same 
in the later stages But, out of the 12 cases (in this senes) in which an autopsy was 
performed, the mioioscopical appearances of the spleen in 3 cases were typically 
those of ' splemc anmmia ’ Unless these cases aie followed from the begmmng, 
a clinical diagnosis of ‘ splenic anaimia ’ ending in cirihosis may not be possible 
Thus, ‘primary splenic anaemia ’ was the cause of ‘ decompensated portal cirrhosis’ 
m at least 3 cases (4 7 pei cent) In a previous paper (Tnnmurti and Badhakrishna 
Rao, 1933) we have shown fiom the study of the spleens removed at autopsy from 
cases of cirrhosis of the liver, that splenic anaemia ending m cirrhosis of the hver 
was seen in 10 1 per cent of cases In these cases, the enlargement of the spleen 
was much bigger than that seen in cases of mere passive congestion due to portal 
obstruction De (1932) reported cases of splenomegaly terminating in cirrhosis of 
the liver and ascites fiom Bengal 


The role of alcohol in the production of ‘ decompensated portal cirrhosis ’ does not 
require extensive consideration In the majority of patients there was no history 
of excessive drinking of alcohol in any form, sufficient to produce any effect on the 
liver Even in the two persons (Nos 96 and 107) m whom there was a history of 
excessive drinking of toddy, arrack or brandy, other stronger evidences were present 
to a ceount for the causation of cirrhosis In fact one of these patients (case No 107) 
was treated for syphilitic cirrhosis, during his stay in the hospital It may be 
remarked here that cases of portal cirrhosis were not seen in the scavengers of this 
town, who are rathei heavy drinkers of toddy or ariack The extensive statistics ot 
Rowntree (1927) clearly showed the probable relationship between alcoholism and 
cirrhosis of the liver But, in the present senes of cases alcohol cannot be consiuerec 
as an important factor in the causation of portal cirrhosis 

All the SIX children m this series showed definite clinical evidences of cpigswtol 
syphihs and the Wassermann reactions of the blood and ascitic fluid were 
In one case (No 162) in which an autopsy was performed, the hver’^sh owed ^ 
granular appearance and on microscopical examination the distribution o 
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fibrous tissue \ns typically mter-lobulai, similar to that seen in multi-lobular 
ciirliosis This is an eyample of multi-lobiilar cirrhosis occurring in young subjects 
yitli coiigeiutal syphilis This is considered as an hepatic manifestation of delayed 
comremtal sa-philis by Eollestoii and McNee (192%) who remark — 

‘ Every now and again the Incr of a child with stigmata of congemtal sj^hilis 
shows ordinary cirrhosis The arrangement of the two lesions is so dissimilar 
that niter-cellular cirrhosis cannot be thought to be transformed into multi- 
lobular cirrhosis , it would rathei lead to diffuse fibrosis or gummatous change 
It seems probable that the niter-cellular cirrhosis undergoes absorption, but that 
some anilnerabilitj' or diminished resistance of the liver is left behind If causes 
that tend to produce ordinarj cirrhosis then arise, this change vill be readily 
produced , on the other hand, the multi-lobular cirrhosis may be comparable to 
general paralysis of the insane, or a lesion due to parenchymatous syphilis ’ 

It IS difficult to determine the nature of fibrosis from the clinical findings alone 
in the other children (5 cases) with evidences of congenital syphilis Ascites is also 
common in inter-cellular cirrhosis of the liver due to late congenital syphilis 
Counseller and Mclndoe (192G), Judd and Counseller (1927) and Mclndoe (1928) 
shoved the intertwining of the branches of the portal and biliary sj stems in the 
In er suggesting the possibility of the strangling effect of one system on the other 
in hepatic disease Periductal or pericellular fibrosis can thus easily interfeie 
with the venous flow and result in ascites 

In most patients the diet was deficient in proteins, fats and aitamins and 
there was evcessive consumption of chillies or spices These findings, together 
with the history, in a few , of dyspepsia or other gastro-intestinal disturbances before 
the onset of ascites, suggest the consideration of dietetic errors in the aetiology of 
‘ decompensated portal cirrhosis ’ Eolleston and McNee (19287t) pointed out that 
cases of non-alcoholic cirrhosis of the liver in Indians were reported by Budd (1857), 
Young (1899) and Sutherland (1905) , the causation of cirrhosis of the hver in 
these cases was explained to be due to dyspepsia and auto-intoxication from the 
bowel as a result of intestinal fermentation induced by the ingestion of spices, 
condiments or other stimulating articles of food Though these dietetic errors are 
important factors in the causation of portal cirrhosis, it is difficult to determine 
their exact role in the present senes of cases A more detailed investigation into 
the diets of the people is necessary to find out the exact relationship between dietetic 
errors and ‘decompensated portal cirrhosis’, and for the present they can be 
considered only as important predisposing factors 

The role of syphilis m the development of hepatic cirrhosis requires a detailed 
consideration on account of the serological evidence of syphiln in 74 5 per cent of 
cases in the present series O’Leary, Greene and Eowmtree (1929) showed that 
both bihary and portal types of cirrhosis occur in syphihtic cmhosis of the hver 
They reported cases of portal curhosis in which syphihs was the chief ffitioloc^ic 
agent ° 

Syphihs may possibly produce portal cirrhosis in different ways The acute 
destauctn e hepatitis produced by syphilis, if recovered from, may result in portal 
cirrhosis Indirectly syphilis may predispose to any of the causesVhich ordiMrily 
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tend to produce portal cinliosis As pointed out before, the therapeutic use of 
arsenical preparations in the treatment of sj^hilis may itself be a potent factor ni 
the causation of portal ciirliosis It may be pointed oiitliere that it may not he 
possible clinically, or even pathohgwolly, to difteientiate cases of idiopathic portal 
ciiihosis fiom those of poital cinhosis pioduced by syphilis 

If a positive Wasseimanii reaction is talceii as dcfimte evidence of syphilitic 
infection, then syphilis may be legarded as an important aitiological factoi 
in the production of ‘ decompensated poital cirrhosis ’ in the present series 
of cases 

Owt sepsis and ^nteshnal tnloricatwn were common features in most of the 
cases On account of the focal sepsis and the ‘ nodular hyperplasia ’ of the hvei 
seen in some o^the cases in which an autopsy was performed, the question naturally 
arises whethei the present series of cases can be grouped under ‘ toxic cirrhosis ’ 
(Malloi), 1911) It has been shown that repeated attacks of subacute hepatic 
neciosis due to some toxic oi toxi-infectious processes, result in ‘ toxic cirrhosis ’ 
Whatevei the injurious agent might be it is not sufficient to cause lapid and fatal 
widespread hepatic necrosis, but sufficient time is allowed for regeueiation of liver- 
cells Althausen (1931) has shovn that the caibohydrate metabolism of the liver 
remains normal meases of toxic ciiihosis, though the dye, ‘ Eose Bengal excietion 
IS markedly impaired It has not been possible to utiliae these findings in diffeien- 
tiatmg cases of ‘ toxic cinhosis ’ from those of ordmaiy poital cirihosis in the piesent 
senes of cases as most of them were seen in the teiminal stages of the disease, when 
theie IS a failure of all the functions Theie was a histoiy of jaundice prioi to the 
onset of ascites in 7 cases In the light of these findings it is worth while making 
further detailed investigation to determine whether focal infections or other toxic 
or toxi-infectious processes are responsible for the causation of portal cirrhosis, 
which is commonly seen in the cultivators belonging to the rural areas of this distiict 
The high incidence of portal cirrhosis in people whose mam work lies in the fields 
also suggests to us to be on the lookout for any toxic or toxi-mfectious agent arising 
from this source Similar cases of non-alcoholic tjqie of portal cirrhosis commonb 
seen in cultivators were described from Lucknow (Hameed, 1933) , in North China 
they were termed as ‘ farmer’s cirrhosis ’ (McIntosh, 1932) 

Thus, it will be seen from the above discussion that ‘ congenital syphilis ’ was 
apparently the chief mtiological factor m 6 cases of ‘ decompensated portal cirrhosis’ , 
primary splemc ansemia in 3 cases and alcohol in 2 cases (there was an infection 
of syphilis as well in these two cases) In the other cases (53 in this series) the 
exact causation of ‘ decompensated portal cirrhosis ’ is fai from clear Malaria, 
syphilis, dietetic errors and focal sepsis appear to be important setiological factors 
Further investigation is necessary to determine the exact role of dietetic errors and 
focal infections in the causation of ‘ decompensated portal cirrhosis ’ 


(b) Pathogenesis of ascites in portal cirrhosis 

The production of ascites is commonly considered to be due to the portal 
hypertension consequent on the obstruction to the flow of blood in the cirrhotic liver 
On account of the control of ascites, though temporarily, in a few patients m this 
series by the administration of ammonium chloride and saljrgan, an orgamc 
mercurial preparation, it may be remarked that though mechanical obstruction to 
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the flow of the poital blood and the consequent portal hj-pertension are important 
faetors in the production of aseites in ‘ dceompensated poital cirrhosis there are 
other factors as well which require careful consideration There is also strong 
e\ ideuee to suggest that hepatie insufiicieiicy itself mav be responsible for the 
production of ascites in some cases 


(c) Treatment 

Chapman, Snell and Rowiitree (1931) reported very favourably the results of 
the medical treatment by mercurial diuretics, ammonium salts and a special diet 
in cases of decompensated portal ciirhosis ’ In the present series of cases, 
the response to this line of treatment was very poor on account of the advanced 
stage of the disease in most of the patients before treatment was started, and the 
incomplete treatment in the few others who were suitable for this type of 
medical treatment Encouraging results might be obtained even in the present 
tvpe of cases of ‘ decompensated portal cirrhosis ’, if the patients are carefully 
selected for treatment in the early stages of the disease and given a fairly 
good trial 

It IS unnecessary to discuss here at length the injurious eftects of vigorous 
auti-svphihtic treatment in cases in which there is serologic evidence of syphibs 
As shown before arsemc itself is an important factor m the production of portal 
cirrhosis In the treatment of hepatic syphibs, O’Leary (quoted by Snell and 
AVeir, 1927) recommends the administration of potassium iodide and mercury 
for several months before mercurv is given by inunction or mjection , m cases 
which require intensive treatment, arsphenamine may be cautiously used, but 
only after the prolonged prelimiuary treatment with iodides and mercury 
by mouth 

Apparent improvement in the ascites may not always indicate a good prog- 
nosis, as the patients may suddenly die of hepatic toxjemia or gastro-intestmal 
hfemorrhage In one of the cases (No 151) referred to before, the patient died 
siiddenlv after a profuse hfematemesis, though he was apparently improving so 
fai as the condition of the ascites was concerned The mam cause of death in 
most of the fatal cases was hepatic tossemia 

StTMilAEY ASD COrTCLlTSIONS 

Careful investigation m a series of unselected cases of cirrhosis of the liver in 
the IMedical Wards of the Kmg George Hospital, Vizagapatam, showed that many 
of the patients presented a typical clinical picture of ‘ decompensated portal 
cirrhosis These cases were further studied and the results of the mvestigation 
into ‘ decompensated portal cirrhosis ’ are given in this paper 

It IS showTi that decompensated portal cirrhosis ’ is more common among the 
poor and lower middle class people of the Hmdii commumty, between the ages of 
20 and 50 years , males are more afiected than females , and the disease is more 
common among the ryots (cultivators) and other people whose work lies mainlv in 
the fields, though people with other occupations are not exempt 

Most of the patients were not addicted to alcohol m any form A history of 
indulgence in toddy, arrack or brandy was obtained only in a very few cases The 
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diets of these patients were carefully investigated and found to be deficient in 
proteins, fats and vitamins, especially A, C and D, and to have an excess of chillies 
or other condiments 

The onset of the disease and the important signs and symptoms and the 
pathological featuies in a few fatal cases are described The post-mortem 
appearances in most cases weie those of multi-lobiilar cirrhosis, with ‘nodular 
hyperplasia ’ 

It is a piogressive and lapidl)'’ fatal disease, most of the patients dying within 
one yeai after the onset of ascites, in a comatose state (cholaemia) due to hepatic 
toxaemia Death from gastio-intestinal hsemorihage (seen onl}'’ in one case) does 
not appeal to be the common mode of teimmation 

The haematological, bacteriological and biochemical findings and the results of 
inoculation of the ascitic fluid into guinea-pigs have been noted for those cases in 
which these investigations were earned out Tests foi livei function were done in 
all the patients 

It IS pointed out that the treatment of these patients was verj’’ unsatisfactory 
owing to the advanced stage of the disease by the time they sought admission into 
hospital 

The {Etiology of the disease is discussed in detail and it is shown that the 
‘ ascitic phase of cirrhosis is not necessarily the end stage of a specific process but 
that it may be due to a variety of diffuse hepatic lesions ’ Congenital syphilis and 
primary splenic anaemia were shown to be the chief aetiological factors in a 
few cases The exact causation in the rest is far from clear, but it is pointed out 
that malaria, syphilis, dietetic enors and focal infections appear to be important 
eetiological factors It is suggested that further investigation into the exact role 
of dietetic errors and focal infectious may prove that the mam type of the disease 
IS probably of the nature of ‘ toxic cirrhosis ’ (Mallory) 
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Statement A 


SJmving the incidence of cirrhosis of the hver, as gleaned from the statistics 
of the King Gcoige Hospital, Yizagapatam 
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NOTES ON SOME INDIAN SPECIES OF THE GENUS 
PHLEBOTOMUS 

Part XXXVI. 

DLIGNOSTIC TABLE EOK THE ]\IALES OE THE SPECIES RECOEDED 

FROM INDL4 

BY 

Lieut -CoLo^EL J A SINTON, m d , d sc , i m s 
{From the Malaria Suriey of India, Kasanh ) 

[Beccived lor pubbcation, June 29, 1933 ] 

SiNTON (1924:0) published a provisional diagnostic table to include tbe males 
of the ten species of Phlebotomus recorded at that time from India Since then the 
number of recorded species has risen to 33, and although Sinton (1932a, 1933(?) 
has pubhshed tables to include the females of these species, no table for the males 
has appeared 

As in the identification of the females, it has been found convement to divide 
the species mto two mam groups — 

(o) those with erect hairs on the dorsal aspect of some of the abdominal 
segments from II to VI and (6) those in which no erect hairs are present on these 
segments In the species vith scanty erect hairs on these segments (sub-genus 
Sintomns of Nitzulescu, 1931), these hairs are more scanty on the males than 
on the females m most specimens For this reason several of these species have 
been included mto two places m the table 

On account of the ease v ith v hich the hairs on the abdomen may be disarranged 
m capture and subsequent manipulation, it is often difficult to be certain of the 
arrangement of the hairs on the dorsum of the abdomen of fresh and dry specimens 
In specimens nhich haVe been mounted, and more especially if stained (Sinton, 
1925d), it is comparatively easy to determine the origmal disposition of the hairs 
from a study of the nature of the scars left on the abdominal segments (Plate XXI, 
fig 6) (Sinton, 1932a, Plate III, fig 1) 

In Appendix I has been given a short explanation of manv of the terms used in 
the table In Appendix II reference has been given to the more important papers 
which have appeared in recent years on the morphologv of the species of PMebotonms 

( 417 ) 
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recorded from India In case of doubtful identification workers are referred to the 
more complete descriptions given in the litciature listed 


DIAGNOSTIC TABLE FOR THE AIALES OF THE INDIAN SPECIES OF THE 

GENUS PHLEBOTOMUS 

1 Species with erect hairs on the dorsal aspect of some of 

the abdominal segments from II to VI 2 

Species irifch no erect liairs on the dorsal aspect of any of 

the abdominal segments from II to VI 16 

2 Species with numerous erect hairs on abdominal segments 

II to VI, usually forming tufts at tlie posterior ends of 
the segments , genitalia n ith characteristic morphol 

ogy (Plate XXI, figs 1-4, 9-11, 14, 17, 18) 3 

Species with scanty erect bans on some of the abdominal 
segments from II to VI, seldom forming tufts (Plate 

XXI, fig 6), gemtalia of the 'jinnutvs' type (Plate 

XXII, figs 20, 24, 26, 29, 30) 12 

3 With only' 4 well developed spines on the distal segment 

of the superior clasper (Plate XXI, figs 1-4) 4 

With 5 V ell developed spines on the distal segment of the 
superior clasper (Plate XXI, figs 9-11, 14, 17, 18) 7 

4 With intermediate appendage markedly’ lobed no pedun 

culated lirush on the inner surface of proximal segment 

of aupeiior clasper (Plate XXI, figs 1, 2) 5 

With intermediate appendage simple , pedunculated 
brush present on inner surface of pros.imal lobe of 

superior clasper (Plate XXI, figs 3, 5) 6 

5 With 1 apical, 2 median and 1 proximal spines on distal 

segment of superior clasper , intermediate appendage 
bi lobed , pointed tiiangular introniittent organ ivith 

no lateral spines (Plate XXI, fig 1) P. colabacnsis. 

With 2 apical or sub apical and 2 proximal spines on 
distal segment of superior clasper, intermediate 
appendage tri lobed , introniittent organ slender -nitli 
spine along each side (Plate XXI fig 2) P» maynei. 

6 With 2 spines on distal segment of superior clasper apical, 

carried on tivo apjiroximately equal tubercles (Plate 
XXI, fig 3) , wing large (Plate XXI, fig 8) , tip of 
Illrd antennal segment reacliing more than lialf nay to 
end of proboscis , peduncle of brush on suiierior 
clasper long with more cui-ved hairs (Plate XXI, 
fig 3) P. sergentl. 

With 1 spine on distal segment of superior clasper apical 
and other markedly sub apical, carried on veiy unequal 
tubercles (Plato XXI, fig 4), ning relatively small 
(Plate XXI, fig 7) , tip of Illrd antennal segment not 
reaching half-war to end of proboscis, pediwc]e of 
brush on superior clasper short with stiniglitcr hairs 
(Plate XXI, fig 5) P. sergcnii sar 

alexandri. 

7 Distal segment of superior clasper \crv elongated, having 

parallel sides and 5 sliort spines , infenor clasper with 

2 apical spines , intermediate appendage with 3 ehnrac 

tenstic lobes (Plate XXI, fig 9) P. papatasfi. 

Dist il segment of superior clasper irregular in sliajie and 
with 5 long spines, inferior chsper with no spines 
(Plate XXI, figs 10, 11, 14, 17, 18) 
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S With 3 spine-: on distal segment of siijicnor clasper npici. 
or sub apical distal end of mtcrmedintc appendage 
like end of crochet hook , large spine on either side of 
intromittcnt organ (Plato XXI, fig 11), halter of 
characteristR, irregular, flattened shape (Plate XXI, 
fig 13) 

A\ ith onh 2 spines of distal segment of superior clasper 
apical or sub apical (Plate XXJ, figs 10, 14, 17, 18) , 
halter of usual drum stick shape (Plate XXI, 

Rs 12 ) 

9 Tn lobed intermediate apjicndace , spine on either side of 

intromitt"nt organ (Plate XXI fig 10) , ven short 
4th palpal segment , cross vein 2-3 markedly distal 
to end of sub costa (Plate XXI, fig IG) 

Sinijile intermediate appendage no spine on cither side 
of introraittent organ (Plate XXI, figs 14, 17, IS) , 
4th palpal segment rclatu eh longer , cross vein 2-3 
almost level anth end of snh costa (Plate XXI, 
fig 17) 

10 With pedunculated tuft of hairs on inner siae of basal 

segment of superior clasper (Plate XXI, fig 14) 

W ith no such pedunculated hru«h 

11 Intromittcnt organ anth sub apical tubercle (Plate XXJ, 

fig IS) pompetta hang near middle of abdomen 
Intromittcnt organ anth rounded apev and no tubercle 
(Plate XXI, fig 17) , pomjietta Inng close to hvpopv 
gium 

12 Distal end of gemtal filament markedly expanded (Plato 

XXII, fig 20) large irregular projection inaaards 
from eaclT side of buccal cavita (Plate XXIT, fig 19) , 
no geniculate spmes on Illrd antennal segments , 
Xeavstead s spines on both 2nd and 3rd palpal segments , 
ande scales on thoracic pleura: (tide also Xo 26) 
Distal end of gemtal filament not cxjianded (Plate XXII, 
figs 21, 24, 20 30) , no large lateral projections into 
buccal cavita (except m P hod'jsoni) (Plate XXII, 
figs 23 27, 28,31), geniculate spines on Ulrd antennal 
segments (except in P cadtlJiif) no Xeaastcad’s spines 
on 2nd palpal segnieut , no ande scales on thoracic 
pleure 


P, newsteadi 


P. argentipes. 

P. eleanorae. 

P chinensis. 
P major. 


P. squamipleuris. 


13 Pigmented area large, transverse and oval , single curved 
roav of 30 or more fairh aaell developed, contiguous 
buccal teeth (Plate XXII figs 23, 27) 

Without large oval transverse pigmented area , buccal 
teeth less numerous and nsualla distincth separated 
(Plate XXn, figs 25 2S 31) 


14 Intermediate appendage anth small, distmct spmose, 
ventral lobe intromittcnt organ anth blunt end 
(Plate XXn fig 21) buccal teeth about 50 in number 
(Plate X3fII fig 23) , non deciduous spine on distal 
segment of superior clasper more median m position 
(Plate XXn fig 22) , palpal formula 1, 2 4, 3, 5 , 
distal end of Illrd antennal segment not projecting 
beaond end of proboscis ° hodgsoni 


0 


10 


n 


13 

14 

15 


a * abaominal hairs are sometimes ab=ent or difScult to see m the 

therefore been shoani in faro places m the table (tide Xo 26) Tlieodor 
(1931) thinly the Xtnean P squamiphuris is different from the Indian one, and proposes theTame 
P squamtpkuns var indiciis for the latter pioposes rne name 
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Notes on Some Jndian Species of the Genus Plilebotomiis 


Intermediate appendage witliout anj'^ marked spinosc 
lobe , intronuttent organ -nith pointed end , non 
deciduons spine on distal segment of snperior claspor 
more distal (Plate XXII, fig 20) , palpal formula 
1, 2, 3, 4, 5 , distal end of IITrd antennal segment 
projects beyond end of proboscis P. 

15 Pigmented area very small or absent, row of about 8 

widely separated buccal teetli , postenor portion of 
buccal cavity markedly basin shaped in outline (Plate 
XXII, Sg 31), palpal formula 1, 2, 4, 3, 5 P, 

Pigmented area larger , buccal teeth 20 oi more, usuallj 
with remnants of an antcnor rou (Plate XXII, figs 2% 

28) 

16 With row of about 20 evenlj spaced, comparativel3' large, 

buccal teeth (Plate XXII, fig 28) , intermediate 
appendage almost equal m length to inferior clasper 
(Plate XXTI, fig 29) , palpal formula 1, 2, 3, 

4, 6 , antennal formula 1 over to XV , New stead’s 
spines about 12 on basal fouith of 3rd palpal 
segment P. 

With ron of about 30 small buccal teeth, arranged in 
groups (Plate XXII, fig 25) , inteimediate appendage 
much shorter than infenoi clasper (Plate XXII, 
fig 26) , palpal formula 1, 2, 4, 3, 5 , antennal formula 

1 over III to XV , Neu stead’s spines about 30 P. 

17 With 4 spmes on distal segment of supeiior clasper all 

distinctly apical or sub apical (Plate XXIII, figs 45, 

47, 51, 54 , Plate XXH^ figs 68, 61. 64, 67, 68, 70, 

73) 

With only 2 spines distinctly apical or sub apical and 2 
median on distal segment of supenor clasper (Plate 
XXII, fig 32, Plate XXIIT, figs 37-39, 41, 42) 

18 Intiomittent organ uith broad wedge shaped end (Plate 

XXII, fig 33) , ratio a over p about 2 P. 

Intromittent organ uith compaiatneh nairou end 
(Plate XXIII, fig 36) 

19 Small non deciduous spine on distal segment of supenor 

clasper distinctly pioximal to all other spines (Plate 
XXIII, fig 37) , palpal formula 1, 2, 3, 4, 6 , Illrd 
antennal segment equal to combined lengths of segments 
XII-XVI P. 

Small non deciduous spine on distal segment of supenoi 
clasper not proi.nnal to all othei opines (Plate XXIII, 
figs 38, 39, 41, 12) 

20 Pro\zmal segment of supenor clasper about tuice length 

of distal segment , spines comparatnelv close together* 
(Plate XXIII, figs 38, 39) , ratio « O’vcr ^ more than 

2 buccal ai mature uith about 10 separate teeth and 
pigmented area veil dei eloped (Plate XXIII, fig 40) 

(vide also No 29) P- 

Provimal segment of supenor claspei less than tuice 
length of distal segment , spines widely separated 
(Plate XXIII, figs 41, 42) 


* As the spines arc not so \ndel3' scpaiated as m the other species, P 
m tuo places in the table (vide No 29) 


hospitii. 


chiistopliersi 


eadithae. 


clydei. 


zeylanicus 


arboriSo 


malabaricus. 


maluhancitb has been 
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21 Proxiinnl Kpinc^ on di^^lal ecgmcnt of superior clnspcr 

nnie about mitldlc of segment (Plato XXlII fig 41) , 
ratio a o\cr j3 Ic=s tlrnn 05, Iniccal armature un 
knonn P sylvestrls. 

Proximal spines on distal segment of superior clnsper 
nri'o about ird length from apex (Plate XXIII fig 42) 
ratio tt oier y3 more than 0 5 , about 14 separate buccal 
teeth and small liiicar pigmented area (Plate XXIII, 

fig 41) P purii 

22 With all 4 spines near apex of distal segment of supenor 

clasixT almost eqnalh dc\ eloped (Plate 20sJII, 
figs 45, 51, 54 Plate XXIV, figs 67, Gl, 64, 67, 68, 

70, 73) 

V ith 3 large and 1 small spine near apex of distal 
■.egment of superior clamper* (Plate XXIII, fig 47) , 
single Tov. of about 40 buccal teeth xiith \crj small 
pigmented area (Plato XXIII, fig 48) , ratio a over jS 

about 2 5 P himalayensis 

23 Intromittcnt organ stout uith broadish end (Plato XXIII, 

figs 44, 51, 54) 

Intronuttent organ slender iiatb narrow end (Plate XXIV, 
figs 59, 62, 65, 67, 68, 70, 73) 

24 Distal segment of supenor clasper slender with long thin 

spines (Plate XXIII, fig 45) , buccal teeth about 15, 

arranged m row markedli coneare backwards, pig 

mcttted area absent (?) (Plate XXIII, fig 46) , mug 

verv narrow, pointed and lanceolate P, dentatUS.T 

Distal segment of supenor clasper stouter with coarser 
spines , intronuttent organ broader (Plate XXHI, 
figs 51, 54) 


25 Intermechate appendage w ith hooked end , non deciduous 
spine on supenor clasper not markedly distal (Plate 
XXTTT . fig 51) pharms markedly expanded postc 
norh (Plate XXIU fig 50) buccal teeth smaller and 
more numerous (Plate XXIII, fig 49) Illrd antennal 
•■egment short (about 90^() and onii about 4 length of 
proboscis (Plate XXIII fig 56) p antennatus t 


23 


24 

26 


25 


* The small spine on P himalayensis mai be hidden behind the other spines and so he difficult 
to observe For this reason, Annandale (1910a) and .Smton (10246) desenbed this species as Laving 
onlj 3 spines, although the latter author suspected a fourth 

t Perfiljew (1933) has desenbed a new vanetv of sandflv from Turkenianistau as P mxmitns var 
arpalhnsis This vanetv appears to be identical wuth P dentatas Smton 1933 Becenth Lieut 
Colonel H E Shortt i M s , collected a female PhUbotomws on the Chitral Boad between Malnkand 
and Dir X M F Province This specimen appears to be P denlalus, but shows a faint and large 
pigmented area hke the segment of an orange, while in the onginal specimens from Quetta no such 
area was found 


t This species was ongmaUa desenbed bj Xewstead (1912) 8= a distinct species but 
Xew stead and Smton (1021) considered the evidence then available was insufficient to separate 
It from P miniilns and placed it as a variety of that species The differences both in the 
male and female forms of Indian siiecimens of these two insects are so distinctive that it is now 
considered that P antennaivs should be raised again to specific rank Whether the Indian 

form of this ^ecics is identical aiith the onginal Afncan tj'pe wall require to he mvestiga ted If 

Punjab ^ puiijabensis is proposed for this siiecics, as it seem's most prevalent in the 
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Intermediate appendage -ii ith blunt end , non deciduous 
spine on supenor’claspoi markedly distal (Plato XXm, 
fig 5i), phar>n\ not markedly expanded posterrorly 
(Plate XXin, fig 52) , buccal teeth larger (Plato XXUI 
fig 53) , Illrd antennal segment longer (about 120^() 
and more than ^ length of proboscis (Plate XXIII, 
fig fifi) P. minutus. 

26 Genital filament with niiron end (Plate XXIV, figs 69, 

68, 73) , buccal canty nithout marked lateral protru- 
sions (Plate XXIV, figs 57, 60, 63, 66, 69, 71, 72) 

Genital filament with bulbous end (Plate XXII, fig 20), 
buccal cayitj’- mth marked lateral inward projections 

(Plate XXII, fig 10) (tide No 12) P. squamipleuris. 

27 Intromittent organ with pointed end (Plate XXII, fig 29 , 

Plate XXIV, fig 59) 

Intiomittent organ nitli nan on rounded or nipple like 
end (Plate XXW, figs 62 65, 67, 68, 70, 73) 

2 S With ron of about 20 separate buccal teeth and distmct 
pigmented area (Plate XXII, fig 28) , antennal 
formula 1 ovei IV to XV (vide also No 16) P, eadithae. 

Vith ron of about 25-10 approximated buccal teeth, and 
pigmented area usually absent (Plate XXIV, fig 57) , 
antennal formula 1 over III to VI P, africanus. 


27 


28 

29 


29 Ratio a over jS more than 2 (vide also No 20) P. malabaricus 

Ratio a O'er about 1 or less 30 

30 Illrd antennal segment long (not less than 0 2 mm and 

usually more) , ratio a over ^ not less than 0 75 

(Plate XXIV, fig 74) , J usually large 31 

Illrd antennal segment short (not raoie than 0 18 mm 
and usuallj' less) , ratio a over ^ less than 0 75 , J 

small P. babu» P. baghda- 

dis, P. shortfl * 

31 Pigmented area veiy poorly developed, usually absent 

(Plate XXIV, figs 60, 63) 32 

Pigmented area distincth developed and several rovs of 
lateral buccal teeth (Plate XXIV, fig 66) P. monfanus. 

32 With single regulai rou of 16-20 sepaiate buccal teeth 

(Plate XXIV, fig 60) , spines of distal segment of 

superior claspei not marl edly sub apical , small non 

deciduous spine distinctly proximal to other spines 

(Plate XXIV, fig 61) , ratio a J3 about 1 P. barraudi. 

With seveial rous of small and iiregularh dispersed 
buccal teeth (Plate XXIV, fig 63) , 2 spines on distal 
segment of superior clisper markedly sub apical, and 
non deciduous spine almost at same lc% el (Plate XXIV, 
fig 64) , ratio a over ^ less than 1 P. bailyi 


* These three species are len^ closely allied and the males are often impossible to 
distinguish The geographical distribution of P shortti on the Easteim Frontier of India an 
in Burma, of P baghdadis in the northern and -nestern areas and of P hahu ’ 

helps In P sJiorUi the distal segment of the superior clasper is relatively shorter and stomt 
and S IS usually very small, often negative The number of buccal teeth heljis in some mstan 

(cf Plate XXIV, figs 69, 71, 72) 




r ”’4’S"'’r ,/'i '' « "r'™™ '■' ^ 

alexatidn (note size as compared with ficr 8t Ti-,? T ^>airs Pm 7 J p 

ofP papala^u Fm 10 ? Wing of P TO<i tsens^..L /' ^ “'’ff™'’ ^“r 


ajezgiidn (note”s.ze“Ts 8^ Fm c/ina/op.era, 

g.L':;r;T,S/,”..5rjn;il t4/‘”^' ■> 'ss;.t"r?>p » /s;™; 



Plate XXII 



J A SiNTON del 

Eict 19 Buccal caMty of P squamipUuus Fig 20 Hjpopjgium of P 
gemtarfilanient Fig 21 Intermediate aiipendage and intromittent oigan of 
of superior clasper of P liodgsom Fig 23 Buccal cavit 3 of P h^gsom 
Fi<^ 25 Buccal cavitj of P clydei Fig 26 H\pop 3 gium of P 7iospiM 
FiS 28 Buccal cavitj of P eadithoe Iig 29 Hapopjgium of P eaddlta- 
vhersi Fi" 31 Buccal cantj of P Jiristophersi Fig 32 Distal =egnient 
Fj<^ 31 Intermediate appendage and intromittent organ of P zeylanxcns J'lg 


sguaimpUnris, shouing 
p' hodtsonx Fig 22 . 

Fig 24 Hj-popJg‘«>" J 
Fi^ 27 Buccal cavitj' of 1 7 

fig 30 Hjpopygiun. of P ^ 
of superior clasper of P 7 ^ 

34 Buccal cavitj of P zcylanxc 



Plate XXIII 



J A SI^TO^ aei 

I Iff 35 Buccil cavitj o£ P arborii Fig 36 Intermeilnto append ige and mtromittent organ of P arhons 
biff 3“ Di-ital segment of supenor clasper of P arhons Fig 38 and lig 39 Distal segment of superior elaspei 
of° P malaharicti't 1 ig 40 Buccal cavit\ of P malabancus Fig 41 Distal segment of superior clasper oi 

P sylveilns Fig 42 Distal segment of supenor clasper of P piirii Fig 43 Buccal caMtj of P jiiirii Fig 44 In 

termediate appendage and mtromittent organ of P dentatus Fig 45 Distal segnient of siipenor clasper of P denlalut 
(one spine is missing) Fig 46 Buccal cavitv of P denlatus Fig 47 Hvpopvgium of P himalaycnsis Fig 48 

Buccal cavatc of P htmalayensit big 49 Buccal cavitj of P antennatus lig 50 Phare nx of P avlemiahis 

Fig 51 H\ pop' giura of P aideiinn/ii? (lettering explained in Appendix 1) Fig 52 PharjnxofP min'iilvs Fig 53 
Buccal cavitv of P nnnulus Fig 54 Hvpopygiuni of P imnulas Fig 55 Ilird antennal 'cgnient of P ininvlva 
Fig 56 nird antennal segment of P antennnlus 


Plate XXIV 



J ^£ p africani^! Fip 5S Di'^tal segment of superior clamper of F fl/nco^^« j Ci 


r,g f 


mexum of P »<0H/a« vs I ii: (>i> H^pop^glum oi 

H ^noin -niim of P 6a&H Buccal eavit\ of J 

S emm of P short!, Pig 74 ^^ mg of P montanm 


V\ mg of P shortti 
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APPENDIX I 

E^.PLJV^ATIOX or TERM'S USED IN THE TABLE 
A E)cct and iccumbcni abdominal liaiis in classiJicaUon 

These conditions hai e already been explained in the appendix to the diagnostic 
table for females (Sinton, 1932«) 

The occurrence of such hairs is closclj' related to the morphology of the sperma- 
thccre of the females and has been used in the classification of PMebotomiis (Sinton, 
1927f/, 1927e, 1927/, 19296) Nitzulescu (1931) remarks, howeicr, that ‘ cette 
division, malgre sou apparence sediiisante, n’est pas satisfaisante, car le caractere 
de la disposition des polls ne possede pas toutc nettete desirable ’ He instances 
the case of P malabaricus, v hich v as described by Sinton (1924c) as hai ing ‘ slightly 
semi-reciimbent hairs ’ on the abdomen, although the spermathecse of the female 
of this species (*)* are not segmented As mentioned previously in this paper, it is 
now known that the abdominal hairs are \ ery liable to displacement iii dry specimens 
and that the only true criteiion of the original condition is that of the scars left by 
the detachment of the hairs The scars in the female of P malabaricus (^)* show 
it to belong to the recumbent-haired group and the discrepancy mentioned can thus 
be explained 

Nitzulescu (1931) in his sub-genera Brumphus and Plilcbotoinus has giouped 
together a large number of species with very varied characters It seems to me 
that these sub-genera are artificial and v ill require further division in future 

B Antennce, palps, buccal cavity and pharynx 

The terms used in connection with these structures have already been explained 
(Sinton, 1932a) 

C Wing venation 

Fran 9 a and Parrot (1920) suggested that for ease of description certain letters 
of the Greek alphabet should be used to denote the lengths of certain portions of 
the wing venation This method was extended by Sinton (1923a) and has been 
widely adopted in technical descriptions of these insects 

The letters used in the above table have been illustrated in Plate XXI, fig 16 

u — The length of the anterior branch of the distal fork of the 2nd longitudinal 
vein 

yS — The distance between the tw o forks of the 2nd vein 

V — The distance between the proximal fork of the 2nd vein and the cross 
vein which umtes the stem of this vein with the 3rd 

S — The distance by which the termination of the 1st vem surpasses or falls 
short of the distal fork of the 2nd In the latter instance this length 
IS preceded by the negative sign 


* It 13 still doubtful whether the type male described by Sinton (1924c) is the same species 
as the recumbent hawed female described later as P malabaricus (?) (Smton, 1927a) ^ipemes 
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11 P clmiensis —Ad^lex and Tlieodor (1929a) , Newstead (1916) , Kit- 

/ulescu (1930a) , Smton (19295, 1932a, 1933d) , Smton and Bamnd 
(1928) 

12 P chnsi 02 }he) SI (1927d, 1927e, 1927/, 1927^, 19296, 1932a, 

1933d) 

13 P c?t/da —Hinton (19286, 1932a, 1933d) 

14 P colahains'is (1932a, 1933d), Young and Chalam (1927) 

15 P demeijeiei (seo P sylveslns ) — Nitzulescu (19306), Smton (1931e) 

16 P doj^aiws — Peifiljew (1933), )Smton (1933a, 1933d) 

17 P eadtihce — Smton (19326, 1933d) 

18 P ehanoiw — Smton (1931a) 

19. P Imnalayensis — Annandale (191 Oo), Bnmetti (1912) , Smton (1924a, 

19246, 1932a) 

20 P hodgsom — Smton (19336, 1933d) 

21 P liospih^ —Smton (1924(7, 1927a, 1927/ 19296, 1932a) 

22 P lyengau — Smton (1933c, 1933d) 

23 P mago) — Adlei and Theodor (1929a) , Annandale (1910a) , Brunetti 

(1912) , Smton (1924a, 1927e, 19296, 1932a) , Smton and Barraud 
(1928) 

24 P malahanciis — Annandale (1910a), Brunetti (1912), Smton (1924a, 

1924c, 1927o, 1927c, 1927/ 1932a) 

25 P maynei — Smton (19306) 

26 P minutus — Adlei and Theodor (1926, 1927, 1929) , Smton (1932a) 

27 P mo7itanus —Hinton (1924a, 1927d, 1927e, 1927/ 19296, 1932a) 

28 P newsteadt — ^Smton (1926a, 1928o, 19296, 1932a) 

29 P papatasii — Adler and Theodor (1926) , Annandale (1910a) , Brunetti 

(1912) , Grassi (1907) , Newstead (1911) , Smton (1924a, 1927e, 19296, 
1932a) , Smton and Barraud (1928) 

30 P peituihans (see P sylvestns) — Annandale (1910a) , Brunetti (1912) , 

Smton (1924a, 1924d) 

31 P pum — Smton (1931c, 1932a) 

32 P sogenh — Adlei and Theodor (1929a) , Franga (1918), Newstead 

(1920), Parrot (1917), Smton (1924a, 19296, 1932a), Smton and 
Barraud (1928) 

32a P seigenti \ar alexaoidn - — Newstead (1920), Smton (1928c, 1932a) 

33 P shoHh — Adlei and Theodor (1927), Smton (1932a) 

34 P squamipleuns — Newstead (1912), Smton (19236, 1924a, 1927c, 

1927d, 1927e, 1927/ 19296, 1932a, 1933d), Theodor (1931) 

* The species noir coiiimojilj hno'ttn as P »iJ>iiaHs is that descnbed b> Adler and 
1927) from Palestine It is doubtful ■whetlier this is the same as P ?ntn7iliis Jiondani, 184.5, iro 
Italj The latter may be ajTiouymous Mith P parroh Adler and Theodor, 1927 


/ 
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35 P slaniom — Nc^^ste'ld (191^), Sinton (1923fl, 1931(?, 1933d) 

36 P syhesfus — Annandale (19]0a) , Biiinetti (1912) , Nitzulescu (19306) , 

Smton (1924a, 1924d, 1927d, 1932a) 

37 P zajlamcus — Annandale (19106) , Bmnetti (1912) , Ne^ stead (1914) , 

Sinton (1921/, 1932a) , Young and Chalam (1927) 


Adler, S , and Tiifodor, 0 (1920) 

Idem (1927) 

Idem (1929a) 

Idem (1929(») 

Annandale M (1910n) 

Idem (19106) 

Brunetti, E (1912) 

CiiRibToniERS, ,S E , and B vrbaed, P J 
(1920) 

Pran^^, C (191S) 

Pban^a, C, and Parrot L (1920) 
Grassi, B (1907) 

Laebocsse, P (1921) 

Xeavstfad, R (1911) 

Idem (1912) 

Idem (1914) 

Idem (1910) 

Idem (1920) 

N’evtstead, R , and Sinton J A (1921) 
XrrzELESCE, V (1930a) 

Idem (19306) 

Idem (1931) 

Parrot L (1917) 

Idem (1930) 

PFBFuaEW, P (1933) 

Sin’TON j A 1923a) 

Idem (19236) 

Idem (1924a) 

Idem (19246) 

Idem (1924c) 

Idem (1924d) 

Idem (1924c) 

Idem (1924/) 

Idem (1924<7) 

Idem (1925a) 

Idem (19256) 

Idem (1925c) 

Idem U925d) 

Idem (1925P) 

Idem (1926) 

Idem (1927a) 

Idem (19276) 

Idem (1927c) 

Idem (1927d) 

Idem (1927c) 

Idem (1927/) 

Idem (19273) 

Idem (192Sa) 

Idem (19286) 

Idem (192Sc) 

Idem (1929o; 
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OBSEEVATIONS ON THE CHEj\nSTRY OF THE OXYTOCIC 
HOR^IONE OF THE PITUITARY GLAND 


Part I 


BY 

B C GUHA, PH D , D sc , 

ANT) 

P N CHAKB VVORTY, b sc 

{From the Biochemical Uiboratoiij, Bengal Chemical ami Phai maccniical 

TPor/tS, Ltd , Calcutta ) 


[Ucfcivcd for pvibhcafion Julj 3, IO 33 ] 


Since the recognition of the presence of an o\ytocic principle in the posterior 
lobe of the pituitary gland, some work has been done to isolate it and to throw light 
on its chemical nature The coiitroveisy about the identity or otherwise of the 
oxytocic and pressor principles of the pituitary gland has now been settled by a 
fauly effective separation of the two hormones (Kamm et al , 1928) The work of 
Rg-mm et al has facilitated a renewed attack on this problem, as it is now possible 
to obtam a preparation rich in the oxytocic principle which is relatively free from 
pressor actimty 

The object of the present investigation was to obtain information about the 
general chemical behaviour of the oxytocic principle, so that a method for its concen- 
tration and eventual separation might be applied with advantage The earlier work 
on the subject (Aldrich, 1908 , Engeland and Kntscher, 1911-1912 , Fuhner, 
1913 , Abel and Pincofis, 1917 , Abel and Kubota, 1919 , Dudley, 1919) indicates 
that the oxytocic principle is of the nature of either a base or peptide Kamm et al 
(1928) suggest that the hormone is probablv a base, while the recent work of 
Freudenberg, Weiss and Eyer (1932) and of GulUnd and Maerse (1933) on the 
inactivation of relatively purified preparations of the oxytocic hormone by en/yme 
preparations points to the possibility of the hormone possessing a peptide structure 
Gulland and Macrae further pomt out that the inactivating enzyme concerned 
accompames preparations of dipeptidase, amino-polypeptidase and papain, but is 
not identical with any of these 
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0%ytociG Hormone of the Pituiiaoy Gland 

In tins papei we liave leported the action of various reagents, lilce nitrous acid, 
benzo}^ chloride, phospho-tnngstic acid, picrolonic acid, etc , on the oxytocic 
principle Some work has also been earned out to investigate the heat-stabihty of 
our preparations at various hydrogen ion concentrations We have found the active 
principle to be most stable in the legion between pH 3 0 and pH 5 0, which is in 
general agreement with the observations of Gaddum (1930) We have, however, 
found our prepaiation to be more stable in the alkaline region than the earlier 
work of Guggenlieim (1914) wmuld indicate It is likely that some discrepancies 
in this respect might be related to the presence of accompanying substances 
as IS known to occur in the cases of vitamins and B 2 (Guha and Drummond, 
1929 , Guha, 1931) It is also possible that the presence of small amounts 
of histamine as an impurity in our preparations might be the cause of then 
relative stability This point is receiving further attention, although the 
contamination by histamine of these preparations does not appear to be consider- 
able After this work wvas completed, an observation of the action of nitrous 
acid on the oxytocic hormone has been published by Gulland (1933) winch 
indicates that the activity is diminished but not entirely abolished by nitrous 
acid Under our conditions of experiment the preparations have been found 
to be more stable to mtrous acid 


Technique of oxytocic assay 

The potency of the final products w-as tested by the usual method with slight 
modifications (Dale and Laidlaw, 1912 , Burn and Dale, 1922) The comparison 
was made by finding the suitable dose wdiich could produce a contraction m a 
virgin guinea-pig’s uterus equal to that produced by the standard chosen The 
standard dose, however, was always selected so as to pioduce only sub-maximal 
contraction of the uterus Standaid doses were aUvays given at the beginning 
and at the end of the experiment 


Prepaeation of the mateeial 


Three hundred and thirty fresh posterior lobes of bovine pituitary glands, 
which were kept under acetone were dissected and dried by means of an electric 
fan The dry glands weighed ] 5 g These were then worked up by the general 
procedure described by Kamm et al (1928) 


The glands were ground up with dry washed sea-sand and were heated to 
boiling with 619 c c of 0 25 per cent acetic acid Heating w'as so regulated that the 
temperature w'ent up to 95°C within 20 minutes It was then cooled immediately 
in ice-cold water When the temperature came down to about 20°C , the 
was filtered under pressure The residue was re-extracted with 1/10 c 
original amount of acidulated water 

The combined filtrates were then evaporated in vacuo to a small volum^GO c c ) 
Sixty g of dry (HH 4 )oS 04 were added The vessel was left in the xefrigera 0 
overnight and next day the precipitate was collected by filtration under sue 10 
The clear filtrate had no oxytocic activity 
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The residue weighing 23 g, after liaMiig been dried in the steam o^ cn at 
triturated with glacnl acetic acid and wanned The acid extract 
was collected b\ filtration under suction and this process was repeated thrice 
To the totil acid extract was then added a mixtiiie of petrol ether and ethyl 
ethei A precipitate soon formed and the whole was kept oaernight in the 
refrigerator 

The supernatant ethereal laver was decanted off and the precipitate, which 
stiic k to the bottom of the a csscl, was washed acid-frec with ether mixture The 
precipitate w as finalh dried bv means of a fan and was taken up in w arm water and 
filtered 

In all the subsequent iiuestigation this, oi a preparation similarl} obtained, 
served is the starting material 


E' PLPIMEXT-IL 

Hcat-slahihly of the oxytocic hormone of the pituitary glaiut 

From a few prelimiuan experiments the hormone appeared fairl} stable to 
mdd heat treatment even in alkaline regions , so it was considered desirable to 
obscrie the limit of its stabilit} The following experiment was accordingly 
performed — 

In each of six small Erlenmeyer flasks was taken 1 c c of the extract, which 
was made up to 4 c c with distilled water The contents of the flasks were then 
brought to pH 1 0, 3 0, 5 0 7 0, 9 0 and 110 respectiveh They were then 
aiitoclaaed simultaneous!) for 1 hour under a pressure of 1 atmosphere All 
the solutions were then cooled and the shift of pH noted The pH of the alkaline 
solutions was, howei er immediateh adjusted to 5 0 All the solutions w ere then 
made up to a definite voliune (10 cc) and assajed The shift of pH was as 
follows — 


Init al pH 

Final pH 
after autoda 
Ting 

1 0 

20 

30 

50 

50 

52 

70 

70 
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Tal)le I gives the lesults of the experiment {see also text-figiue) P (18) 
represents the ongiiial pituitary extract 


Table I 


Number of 
preparation 

pH at x\bicb the 
solution Mas 
autoclaved 

Percentage of 
inactivation 

P (40) 

1 0 

70 

P (41) 

3 0 

60 

P (42) 

oO 

60 

P (41) 

70 

76 

P (44) 

00 

above SO 

P (4')) 

11 0 

almost 100 



Text figure 


The chevnshy of the hormone 

1 Tieatmenf with H 2 O 2 — cc of the extract [P (9)] was treated with 
1 cc of a soliitaon of H2O2 m water (Merck’s, 12 per cent by volume) The 
excess of H2O2 was ensured by testing with starch -iodide The mixture was 
warmed on water-bath for 20 minutes and finally boiled for 2 to 3 minutes in an 
open beaker with 5 c c of water added It was tlien made up to 8 c c [P (10)] 

One c c of P (9) was made up to about 8 c c with distilled water and boiled 
for 4 minutes in an open beaker as a control, and made up to 8 c c [P (11)] 

2 Treatment with hiomine — Two c c of the extract were treated with 4 to 0 
drops of bromine On shaking precipitation took place and the supernatant liquid 
became reddish On filtering under suction, a very small amount of residue rtmaincc 
on the filter-paper It was then washed with ^ to ] c c water 

The filtrate was left in a vacuum desiccator over CaC]2 and soda-lime ‘\\hcn 
dry, it was made up to a definite volume and was tested [P (16)] 

3 Treatment ivith HNO 3 — Two c c of the extract were treated with 6 to G 
drops of concentrated HNO3 (Kahlbaum, A P ) The solution became minei' m 
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oil tlie -iddition of one or ti\ o more drops of tlie acid tlie precipitate dissolved The 
inilkiness reappeared on cooling in ice The milky solution was filtered under 
suction The liquid was allowed to evaporate in the \acuum desiccator ovei 
C.iCln and soda-lime The substance left v as dissolved in v. ater to a definite volum e 
and tested [P (17)] 

1 Bcnzoijlahon of the pi(m>ai'y extract — To 2 c c of the pituitary extract were 
added I 5 c c of benzol 1 cliloride and about 7 cc of 20 per cent NaOH The 
reaction vessel was thoroughh =haken The vessel became hot No appreciable 
qnantit} of precipitate formed The lessel vas corked and left in the refiigerator 
to settle 

The mixture was repeatedh extracted with ether and the aqueous portion was 
then decomposed with concentiated HCl till the reaction of the mixture was slightly 
acid The benzoic acid which separated out, was removed by filtering under 
suction and any benzoic acid in the solution was removed by repeated extraction 
with ether The final aqueous solution was made up to a defimte volume and 
tested [P (15)] 

5 Tientment uilh SO 2 — Two c c of the extiact were diluted to 5 c c and 
cooled 111 ice Washed SOo from a genciator (Cn-fH. 2 S 04 ) was passed into the 
cold solution for about lo minutes The solution, saturated with SO 2 , was then 
kept at the room temperatiue for half an lioiii to allow the dissolved SO 2 to react 
White flakes appeared as the treatment with SO 2 began The solution was 
evaporated to dryness 111 a vacuum desiccator over CaCla and soda-lime Finally, 
the solution was made up to a volume of 2 c c and was tested for activity 
[P(22)] 

6 Trcalnienl with IlNOi — To 5 c c of the extract were added about 4 diops 
concentrated HCl and 12 to 15 drops of 50 per cent NaN 02 with stirring Theexcess 
of HNO 2 in the solution was ensured by testing with starch-iodide iWiile adding 
NaNO? solution, a precipitate formed After the leaction was ovei, the mixture 
w as heated ov er a water-bath for about 5 minutes, cooled and finalW evaporated to 
dryness in a vacuum desiccator ov er CaClo and soda-lime IMien dry the residue 
was taken up in 5 c c of w'atei and tested [P (12)] 

Tw'o controls were made one with 5 c c of distilled water, 4 drops of concen- 
trated HCl and 15 diops of 50 per cent NaN 02 , heating over a water-bath for 5 
minutes, and drjing in the desiccator [P ( 12 a)], and another with 2 c c of the 
extract and 2 drops of concentrated HCl, heating for 5 minutes over a water-bath 
and drying in the same desiccator [P (126)] Volumes of these controls were 
made equal to their original volumes and tested 


7 Treatment with basic piecipilants — Some wmrkers {vide siij)ra) have given 
evidence as to the basic nature of the hormone, although none of it may be 
regal ded as conclusive Following upon such observations, some basic precipitants 
were tried to see whether the active mateiial could be completely precipitated by 
these The results were not very encouraging 
(a) Precipitation with phospho -tungstic acid 


Five c c of the extract were treated with 3 c c of saturated phospho-tungstic 
acid solution in 5 per cent H 2 SO 4 and were left overmght in the refrigerator 

A white amorphous precipitate settled to the bottom The precipitate was 

filtered under suction and washed with a little water 
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Both the filtrate and precipitate were decomposed iMth saturated baryta solu- 
tion, barium sulphate and phospho-tungstate removed by filtration under suction, 
and excess of barium precipitated by adding requisite amount of dilute H2SO4 
The barium sulphate precipitate was removed by centrifugation and the solutions 
kept slightly acid 

The phospho-tungstic acid filtrate fraction measured finally 53 c c and was 
numbered P (32 ct) 

The precipitate fraction measured 45 c c and was numbered P (33a) 

(6) Precipitation with piciolonic acid 

One c c of the extinct was treated with 0 5 c c (excess) of an alcoholic solution 
of picrolonic acid and left in the cold store A yellow crystalline precipitate came 
down and was filtered and washed with a little water Both the precipitate and 
tlie filtrate were decomposed by a few' drops of concentrated HCl and extracted 
repeatedlv with ether The aqueous layers were nearly neutralized w'ltli 
N/5 NaOH 

The precipitate fraction measured 6 c c and w'as numbered P (38) 

The filtrate fraction w'hicli measured 7 c c was numbered P (39) 

8 Adsoiption expovments — (a) Adsorption of the oxjtocic principle with 
fuller’s earth Fi\e c c of the extract were brought to pH about 4 6 by adding 
a few drops of dilute HCl and agitated with 0 25 g of luller’s earth (Merck’s) 
for 15 minutes This was filtered under suction and the clear nitrate [P (19)] 
was tested for oxytocic activity 

(b) The clear filtrate from the above experiment was agitated with 0 25 g of 
kieselguhr for 10 minutes, centrifuged and the clear centrifugate was tested for 
oxytocic activity [P (20)] 

(c) Tw'o c c of the extract were diluted to about 4 c c and were then brought 
to pH 1 5 bv adding HCl 0 28 g of fuller’s earth (Merck’s) was stirred into tlic 
extract and the mixture agitated for about 15 minutes and filtered under suction 
The clear filtrate w'as tested for activity [P (23)] 

The results of the tests are summarized in Tables II and III — 


Table II 


Numbei of 
preparation 

Reaction 

Peicentagc 

inactivation 

P (10) 1 

ILO. 

33 

P (11) 

j 

Heating for 4 minutes over an 
open flame 

0 

P (12) 

HNO„ 

0 

P (l2o) 

Control u ith HNOj 

0 

P (126) 


0 

P (16) 

Bromine 

CO 

P (17) 

HNO, 

0 

P (22) 

SO, 

50 
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Xumbcr of 
preparation 

Fraction tested 

Percentage of activitv retained 
in fraction tested 

P (15) 

Aqueous fi action olilaincd after benzoy 
iation 

50 

P (10) 

Filtrate from adsorption nitli fuller’s 
cartli at pH 4 5 

100 

P (20) 

Filtrate from adsorption nitli ticsclgulir 
at jiH 4 1 

100 

i 

P (23) 

[ Filtrate from adsorption nitli fullers 

1 earth at pH 1 5 

100 

P (32a) 

PhospUo tungstic acid filtrate | 

Actirili di'tnbuted betireen 

the filtrate and precipitate 

P (33(1) 

PliQspho tungstic add precipitate J 

P (32a) P(33a)-1 175 

P (33) 

Picrolomc precipitate 

50 

P (39) 

Picrolomc filtrate 

50 


Summary 

1 The stability of preparations of the oxytocic honnone of tlie pituitary 
"land at pH. 1 0, 3 0, 5 0, 7 0, 9 0 and 11 0 to heating at 1 atmosphere pressure for 1 
hour has been studied The principle appears to be most stable between pH 3 0 
and 5 0 

2 The behaviour of the hormone towards nitric acid, mtrous acid, bromine, 
hydrogen peroxide, sulphur dioxide, benzoyl chloride, acetyl chloride, picrolonic 
acid and phospho-tungstic acid has been studied 

3 The hormone could not be adsorbed by fuller’s earth at pH 4 5 and 1 5 or 
by kieselguhi at pH 4 5 


e are mdebted to Dr B B Chatterji for his generous help at the preliminary 
stages of this 'work 
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OBSEEVATIONS ON FILARIASLS IN SOME AREAS IN 

BRITISH INDIA 

Part IX 


SIND ARE V 


VISHNU T KORKE 

(Fiom ihr Ctiiltnl Ristaich Imtthilc Kasavh ) 

[Rcccnecl for publiiatioii, Jiih 4, 1033] 

continuatiou of the iuquir\ into the distribution of filarial infection ivliioh 
has been carried out in different parts of India presenting difierent geographical 
lud climatic conditions, obscri ations on filariasis i\ ere made in the jails of Larknna, 
Sitkkur and Shilcarpui in Sind in the months of September and October 1932 and 
in Februaiy 1933, respectively 

The blood material foi this investigation vas deiived fiom 500 persons in the 
abo\e jails, out of which 446 persons had their lesiclential addresses m the alluMal 
tract of Sind 

The thick blood smears were taken foi the purpose b} the Officer-in-Charge 
Sind Malaria Inquir-^ and examined b\ me The material was taken duiing the 
night hours of 8pm and 9pm 

A Physical aspects oe the Sixd area {Imj) Gaz India, 1908) 

The proa mce of Sind has an area of 53,116 square miles and a population (1901) 
of 3 410,223 (mcludmg the state of Eharrpur) 

The proaonce is essentially a desert one with a central area along the banks 
of the Indus about 160 miles from north to south, fertde and well cultivated, which 
IS lilielv to be greatly extended as the result of irrigation from Sukkur barrage 
This area includes Larkana, ShAarpur and Sukkur" (the places from which Uie 
blood specimens for the present investigation y.ere obtained), and Jacobabad in 
the north to H:}derabad, Jamesabad and Umarkot (Thar Parkar) mthe south 
(McCombie Young and Majid, 1930 Map 1) 

( 437 ) 
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The conditions in the hillj' tracts to the west and the desert areas to the east 
were not dealt witli 

GhmaUc conthhons — Bind is a eountrj’’ of extremes of temperature, especially 
in the north auay fioin the sea coast Hyderabad and Jacobabad are notorious 
for recording annually some of the liighest temperatures reached in India, and this 
along with extreme drvness On the other hand, during the cold weather the night 
temperature is frequently below fieezing point and m the day time it inaj again 
ris'' as high as 80°F The average of the hot weather months is 95°F with occa- 
sional maximums up to 120°F , while the average of the winter months is 60°F The 
hot wmather is more prolonged than in any othei part of India The mean relative 
humidity is lo\v, and reaches its highest point in August and September atSuhkur 
It ranges between 41 per cent in April to 78 — 77 per cent in August and September 
respectively (McCombie Young and Ma]id, he cii ) 

In northern Sind, the aieas dealt wuth, the influence of the monsoon is 
slight The rainfall is scanty and irregular and averages only from 3 to 5 inches, 
(McCombie Young and Majid, loc al ) But for the fact that the Indus provides 
wmter for the irrigation of a large aiea all this part of Sind would be a desert The 
type of cultivation is similar to that in other desert areas wdiich have the advantage 
of river irrigation Out of total of 47,066 square miles (British Sind) only 6,444 are 
cultivated (1903-1904) 

Bajm and joica) are the two chief food-grams in Sind Larkana district is a 
rice-producing aiea and Sukkur a ‘dry crop’ aiea The area in square miles 
under each staple crop in 1903-1904 wms as follows — 

Jotvai (1,051), bajm (1,478), iice (1,381), wheat (858) and other food-stuffs 
(765) 

In the more fertile alluvial areas, Barkaira shows a population of 129 per square 
mile, Hyderabad 119, Sukkur 97, wlnle in the desert area of Khairpur State and 
Thai Parkar districts the figure® aie lespectively 33 and 27 

The area dealt witli accoidingly show's a maiked contrast in climatic and 
physical conditions with most of the othei areas of India wduch have been suiveyed 
m connection with the piesent seiu's of investigations 

Extremes of temperature with marked aiidity aie the chaiacteristic features 
of the climate, and desert conditions with a limited aiea wateied by the Indus, 
are the mam physiogiaphical characteristics 

Gulex Jatigans 

The Entomologist, Malaria Survey of India, reports that 0 fatigans is common 
in Sind and in most districts in North-West India 

B Examination for filaeiasis 

The blood of 500 persons examined at night between the hours of 7 p m and 
9 p m in the jails of Larkana, Suldoir and Shikarpur, showed unifoimly 
results Of the examined, 54 came from other areas in India and 446 were 
permanent residents of Sind 
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The perrmnent residents were distrilnited as follows — 


Distnct areas (plain tract) 

Total examined 

Baliawalpur 

10 

Dadu 

45 

Hj derabad 

6 

lacobabnd 

104 

Karachi 

1 

Larkana 

73 

Xairabshah 

14 

Shikarpur 

2 

Sukkur 

191 

Thar Parkar 

1 

Tot At 

446 


The follo\\ ing figures show the number of persons in relation to age (all males) — 


A ’6 in learo 

^ Total examined 

15-10 

11 

20-30 

118 

30-40 

297 

40-50 

37 

50-60 

37 

Total 

500 


Data as regards the class and type of population are not available 


Co^CLUSIONS 

Examination of the blood of 500 persons taken at night betv een 7 p m and 
9 p m in the male convict population of Larkana, Sukkuir and Shikarpur jails, as 
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observed in relation to the district areas, tailed to give any evidence of tlie incidence 
of filariasis in the province of Sind 


I am indebted to the Directoi, Malaria Survey of India, and tlie Officer-m- 
Charge, Sind Malaiia Inquirj , for sending me the blood films for this observa- 
tion and Captain P J Baiiaud for the information regarding the prevalence of 
Culex fattgans 
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[Pecfivod for publication, Julv 7, 1033] 


This paper records the results of further i\ork on the Mtamm A-content 
of some Bengal fresh-water fishes, which has latelv been carried out in this 
laboiatorv In a previous paper (Chahravortv, Mookerjee and Giiha, 193") it 
was shovn that the liver oils of some of tlie commonly consumed fishes of Bengal 
are more potent m vitamin A than cod-liver oil, vhen the measurements are made 
according to the well-known tintometnc techmque (Carr and Price, 1926) The 
same method of assay has been used in the present mvestigation 

Exphriwextal 

Preparation of the material — The Iner was tiiturated with about 10 times 
its weight of anhydrous sodium sulphate, extracted exhaustively with ether 
in the cold and the ether evaporated off by means of a fan The oils obtained 
weie coloured and fairly mobile Oils were preserved in the refrigerator in 
sealed brown-glass ampoules in an atmosphere of CO 2 lYhen required for 
test, the oil y as taken out and the ampoule yas again filled up with COi and 
sealed immediately It is hoped that the deterioration of the vitamin was 
thus reduced to a mmimum 

Technique of the tintometnc estimation — Tintometnc examinations of the oils 
were done according to the method described b} Carr and Price (loc cit ) with the 
Lovibond tintometer of the B D H pattern Since the oils, in 20 pei cent solution, 
yould give very high bine values unsuitable for comparison, the concentration 

( 441 ) 
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chosen was much lowei But it has been shown (Chakravorty, Mookerjee and 
Guha, loc cit ) that the Can -Puce values calculated from blue readings obtained 
at lower concentiations are invaiiabl} higher than those calculated from readings 
taken at highci concentrations It was desirable therefore to find the range in 
which the Carr-Pnee value cm ve would be parallel to the ordinate, as comparison 
at these dilutions would give more consistent results -Accordingly, a curve was 
obtained (see Text-figure) for the dhain-hver oil and from this the suitable 
concentrations for finding out the correct Carr-Price values were ascertained 



The parallelism betw^een the tintometiic values and biological values has been 
questioned repeatedly of late It appears that liver oils might contain a chroniogen 
besides vitamin A producing the reaction with antimony trichloride (Gillana anc 
Morton, 1931 , Ender, 1932 , Norris, 1931) AYe also feel that the Carr-frice 
values of the oils do not necessarily give the relative biological values ' 
biological examination of the oils is in progress, and will be reported later 
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1 ClnUd [Notoptcnis chlaJa) h\er oil 
48 2 of clntal li\er ga\c 2 57 g of a dull %cllo\v mobile oil 
0 G g of oil diluted to 10 c c uitli anhydrous CHCI3 uas used foi tintometric 
w orlc 

Tins solution ga\e a very intense coloration, unsuitable foi comparison So, 
1 c c of the abo\ e solutiou was further diluted to 10 c c with OHCI3 


Blue 

Yellow 

I Xeutial 

units 

units 

1 tints 

1 

G2 1 

1 

2 ■) 

i 

0 1 

G4 

25 

0 1 

G 2 

23 1 

0 1 


]\Ieau blue yalue 6 2 

Carr-Piice a alue 206 


2 Slnlong (Sihimjna silovipia) liyei oil 

55 g of the liver yielded 1 95 g of a dull reddish-i ellov, oil "With chloiofomi 
it gave a slightly opalescent solution 

For tintometric v 01k 0 4 a of the oil in 10 c c CHCI3 uas used 


Blue 

Yellow 

Xeutral 

units 

units 

tints 

! 

15 

96 


15 

89 


15 

89 



Mean blue value 15 

Carr-Price value 75 


3 Kahbaus [Labeo calbosu) liver oil 

65 g of the liver gave 5 36 g of a pale yellow oil This oil gave a very turbid 
solution with CHCI3, and consequently the comparison rvas far from being satis- 
factory The relative poorness of the oil in tintometric value also added'^to the 
difficulty The result given is only an approximate one 

Mean blue value 

Carr-Pnce value o 
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4 Dhain (a laige vaziety of sihnotd fish) liver oil 
8 3 g of a deep leddisli 3 ^ello'n’ oil weie obtained from 17G g of the liver 
The oil was examined in some detail so that a dilution ciuve might be obtuiued 

(a) 0 1668 g of the oil in 10 c c 


Blue 

Yellow 

Neutral 

luiiU 

IlliliS 

tints 

10 1 

2 


16 0 

21 

0 1 

10 2 

2 1 

0 1 

1 


Mean blue value 
Carr-Puce value 


16 1 
193 


(b) 0 2501 g of the oil in 10 c c 


Blue 

Yellow 

Nouttnl 

unit<i 

units 

tints 

22 0 

34 


22 1 

33 

0 1 

22 0 

33 

0 1 


Mean blue value 22 0 

Carr-Pnee value 175 8 


(c) 0 0834 g of the oil in 10 c c 


Blue 

1 

Yellow i 

Neutial 

units 

units * 

! 

tints 

12 0 

1 

i 

'' i 

01 

12 2 

20 1 

01 

12 2 

20 

0 1 

[ 


121 

290 


Mean blue value 
Carr-Puce value 
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((?) 0 1250 g of the oil m 10 c c 


Blue 

units 

Yellow 

units 

Ncntrnl 

tints 

14 5 

24 

04 

1-5 5 

24 

05 

14 6 

24 

0 5 

14 5 

24 

05 


14 8 
237 


Mean blue value 
Carr-Pnce value 


5 Ar (Anns arms) liver oil 

6 07 g of a dull reddish I’^ellow oil iverc obtained from 78 g of liver 
This oil ivas examined in detail 

(a) 10 c c contained 0 043 g 


Blue 

Yellow 

Neutr il 

units 

units 

tints 

20 

1 

05 j 

1 

20 

05 1 

1 

1 

2 1 

06 



Mean blue value 2 

Carr-Pnce value 93 


(b) 10 c c contained 0 086 g of the oil 


Blue 

Yellow 

Neutral 

units 

units 

tints 

39 

14 

01 

39 

1 4 

0 1 

40 

14 

! 

0 1 


3 9 
90 


Mean blue value 
Carr-Pnce value 
J, MR 


14 
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(c) 10 c c contained 0 129 g of the oil 


Blue 

Yellow 

Neutral 

unite 

unite 

tinte 

69 

1 8 

01 

70 

1 8 

0 1 

6 9 

1 8 

01 


69 

107 


Mean blue I’^alue 
Carr-Pnce value 


Cod-livei oil (B C P AV ) gives a Carr-Pnce value of about 4 5 to 5 0 (Chaba- 
vorty, Mookeijee and Cuba, loc cit ) 


Summary 

The liver oils of chital, shilong, lalibmis, dliain and di have been studied 
The Carr-Pnce values of the oils are of the order of 206, 76, 9, 175 and 93 lespectively 
The Carr-Pnce value of samples of commercial cod-hver oil has been found to 
vary from 4 5 to 5 0 
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INVESTIGATIONS ON THE NUTEITIVE VALUES OF 
INDIAN FOOD-STUFFS 

Part I 

BY 

A R GHOSH, 

AND 

B C GUHA, PH D , D sc 

{From the Biochemical Laboratory, Bengal Chemical and Phaimaceutical 

Worls, Ltd , Oalciitia ) 

[Received for publication, July 7, 1933 ] 

Although a survey of the bterature shovrs that a few of the Indian food- 
stuffs have been investigated with reference to their nutritive values, a systematic 
investigation of these does not appear to have been undertaken in this country 
A knowledge among other things of the protein values, the vitamin values and 
of the content of important inorgamc constituents of the common food-stuffs is 
essential both from the standpoint of general nutrition in India and from that of 
cbmcians The nutritional requirements and habits in India are varied and 
it seems to us desirable that regional investigations of food-stuffs should be 
undertaken It has been found, for example, that different varieties of the 
Indian mango vary significantly in their vitarmn contents (Guha and Chakravorty, 
1933n) A rather extensive investigation therefore seems to be necessary 

The present commumcation describes the first of a series of researches in this 
bne The protein contents, the vitamin and B 2 -values as well as the contents 
of calcium, phosphorus and iron — the most nutritionally significant inorgamc 
elements — ^have been investigated The potency with reference to other vitamins 
IS also under investigation and wiU be reported later The food-stuffs tested are 
in common use in Bengal 


Experimental 

Method of assay of vitamins Bi and B 2 —The biological techmque described 
before (Guha and Cbakravorty, 1933a), which is an adaptation from the earber 
methods (Guha and Drummond, 1929 , Guha, 1931), has been used, 
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Themimmimi quantity of foocl-stulT ivliicli m’ouM produce a weekly gam in 
weight of 10 g to 12 g foi a period of 2 to 3 w'ceks in young lats, subsisting on r 
vitamin B^-deficieiit diet, has been taken to contain 1 unit of vitamin B2 (Gulia 
and Chakravoity, 1933b)'* The vitamin Bj values have been expressed in terms 
of international units by dii ect comparison with the international standard, kindly 
supplied by Colonel Sir Robert McCairisoii 

Estimation of calcium, 2 diosp}ioms and non — The methods described beloiv 
are typical for all the analyses and are adaptations from standard procedures — 

The percentage dry weight of each fresh food-stuff, after washing well with 
water, was determined in the usual wmy by drying in the air oven at 100°C -110°C 
A weighed quantity of the ash (0 5 g to 1 g ), obtained by incineration, was 
dissolved by digesting wuth concentrated HCl, evaporated to dryness and extracted 
wuth water to remove silica The filtiate w'as then analysed for Fe, Ca and 
P (in terms of P2O5) attci treatment with dilute HCl and making up to aknoi\n 
volume 

Detemiination of Fe (colorimetncally) — A standard Fe solution was prepaicd 
by dissolving 0 3G08 g of ferrous ammonium sulphate in 100 c c distilled water 
This was treated with 5 c c concentrated HoPO^, w'aimed slightly, iieated again 
with potassium permanganate until oxidization was complete and finally made up 
to 600 c c The colorimetric estimations weie cairicd out by compaiison with the 
above standard solution in Ncssler’s tubes in the usual way (Elvelqem, 1930) 

Deieiminaiion of calcium — A knowui volume of the ash solution was made 
just alkaline with ammonia, tieated wuth excess of ammomiim acetate (10 cc to 
16 c c of 20 per cent solution) and freed fiom phosphates by means of dilute feme 
chloride After filtering and w'ashing the piecipitate wuth 1 per cent ammonium 
acetate solution, the filtrate and washings wcie treated W’lth 2 g to 3 g ammonium 
chloride and boiled One to two grammes of oxalic acid weie added to the 
boiling solution with continual stirring A few drops of strong ammonia and 
excess of 3 5 pei cent of ammonium oxalate were finally added and stirimg 
continued The piecipitate of calcium oxalate was removed, washed free from 
cliloiide with warm 1 pei cent ammonium oxalate solution and burnt in a 
platinum crucible to calcium oxide The above method was adapted from that 
of Richards, McCaffrey and Bisbee (1901), w^ho showed that the^quantity of 
magnesium oxalate occluded by calcium oxalate depended on the concentration 
of undissociated magnesium oxalate and that the quantity could be decreased 
byj addition of ammonium chloride which formed complex compounds with 
magnesium 

Determination of P^Os — The estimations were carried by precipitation with 
ammonium molybdate by the usual standard technique 

Determination of protein — Nitrogen was estimated by Kjeldahl’s method 
with 1 g of the dried food-stuff The percentage of protein was calculated by 
multiplying the figure foi nitrogen by 6 25 

The results are given in the table on next page 

♦ A very similar umt had beep proposed earlier by Bourquin and Sherman (1031), ivhid) 
Tve, upforiunately, overlooked, 
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Summary 

Of tibe common Bengali food-stufis investigated, Idl shah {Amamntns sp ), 
gimd shdh {Eiythrwa loxhurglm), hohii shdh {Ipomcea leptans) and pdhng shat 
{Spinach oleiacea) have been found to be the richest sources of iron Cabbage, 
Idl shdh, gimd shdh and pooin shdh {Bassela cojdifoha) are rich in calcium Patol 
{Tnchosanthes dtoica), pooin shdh and dherosh {Hibiscus esculenius) are important 
sources of phosphorus The protein content is highest in pdlong shdh, pdtol, gum 
shdh and holmi shdh The richest sources of vitamin Bj are pooin shdh, dherosh, 
hdnch-hald {Musa piai adisiaca) and cabbage Patol, gidlong shdh and mdn-lochoo 
{Colocasia Indica) are fairly good sources of vitamin B2 It sliould, however, be 
pointed out that these vegetables cannot compare with cereals m their potency 
for vitamin Bj or witli mammalian liver in the content of \itamm B2 


Our thanks are due to Dr S Hedayetullah for his kindness in supplying the 
botanical names 


Botjkquin and Sheeman (1931) 
Elvfhjem and Kennedy (1930) 

Guha (1931) 

Gttha and Chakravorty (1933rt) 

Idem (19336) 

Gdha and Drummond (1929) 

Richards, McCaffrey and Bisbee (1901) 
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A ]\IETHOD OF IIAKING SLIDE SMEAES FROM FEMALE 
ANOPHELES, FOR EXAftONATION FOR SPORO- 
ZOITES OF MALARIA PARASITES, ARD 
OF PRESERVING THE MOSQUITOES 
FOR REFERENCE 

BY 

P J BAREAUD, FES, fzs.fls 
Entomologist to the Malaria Survey of India, Kasauli, Indian 
Eesearch Fund Association 

[Beceived for publication, July 10, 1933 ] 

The following method of making preparations from female Anopheles 
mosquitoes, for later examination for sporozoites of malaria parasites is useful 
This is especially the case w'hen making rapid tours, and when ordinary laboratory 
facrhties, or apparatus, are not available for more complete dissections The 
mosquitoes are also preseived for identification, future reference, and more detailed 
study This is important when a survey of a new area is being made It also 
permits of reference being made to any of the specimens at a later date, should 
questions arise in connection with other researches or classification of species 

The method is a combination of one, used successful!) by Laboratory Assistants 
of the Malaria Survey of India, for dissection of the salivary glands of mosqmtoes, 
of the Sergents’ techmque for detecting sporozoites in the body-fluid of these insects 
(Sergent and Sergent, 1928), and of a method of making slide smears of the sahvary 
glands 

The apparatus required is as follows A supply of test-tubes with w'ool-plugs , 
a supply of microscopical slides , two needles, or pins (preferably mounted in 
handles) , some staged-tubes , a supply of small double-pointed entomological pins 
and a pair of entomological forceps A chloroform tube*, or a supply of chlorofoim 
IS also useful The shdes may be prepared previously by markmg off three spaces 
by drawmg transverse fines with a diamond, about one inch apart, and mimberma 
these consecutively ’ ° 

The mosquitoes are caught in test-tubes When a preparation is to be made 
kill the msect with chloroform, or by blowing tobacco-smoke into the tube VTien 

1931* f gf 14-JIalar.a Bureau No 6 ‘ How to do a Malana Survey > 2ud Ed , 
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dead, turn the specimen out on to a slide Arrange the whole mosquito on a 
numbered square, on its left side, with the head pointing away from you Do not 
add any saline, oi other fluid, as this is not reqimed Do not remove the wings or 
legs, and endeavoui to caii}'- out the following manipulations with as little damage 



Text mgubls 

Fig 1 Outline drawing of Anopheles female (legs of one side only slioun) to illustrate nietbod of 
dissecting Left Jiand needle piessed on to anteiior part of tliorax, and nglit hand neecuo 
piercing ‘ prosternuni ’ -wliicli is bulged out by pressure of the other needle Point o 
right hand needle is shon n inserted exactly in the region of the salivary gland of one sitlc 
„ 2 Underside of head and prothorax of Anopheles female (drawn from freshly lulled nnmountc 

specimen) The shaded parts indicate the region of the salivary glands inthin the tiior 
Lettering — BP, base of proboscis , E, eye , CS, cervical sclente , APB, ? 
pionotal lobe (prothoracic Jobe), pA propleura, C, coxa of front leg, T, trochan , 
F, base of femur , PS, ‘ prosternum ’ 

as possible to the scaling, etc Take a needle m the left hand and place the shaft 
of this flat across the front of the thorax as shown in Fig 1 Press down with t us 
so as to cause the thin chitin of the front of the thoiax below the neck (‘ prosternum ) 


P J Bmiaud 
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to bulge out coHSidcrabl) (Fig 1) The salrvar}' glands be ]ust witbm tbis^tbin 
sheet ol cbitm (see Fig 2) itl\ a needle held in the right hand cut into this part 
(Fi" 1) Drau out, and cut off, the tissues which uill protrude, and by continued 
pressure uith the left-hand needle at the same time, squeeze out some of the body- 
fluid on to the slide Endeavour to avoid severing the neck, or detaching the front 
legs Tip the mosquito on to a piece of paper, and with a needle rapidly"^ mash up 
and make a small circular smear, on the numbered square, of the tissues and fluid 
left on the sbde Dr}' this by u avmg the slide in the air It should be noted that 
the dissection and smear are made uithout any admixtnre of saline When oppor- 
tunity occurs the smear should be fh.ed with metli} 1-alcohol or absolute alcohol, 
and the shdes stored for staining and examination, iihicli ma} be done at any 
comeiuent time later 

Pin the mosquito and mount it in a staged-tube, marking on the stage the 
numbei coi responding to the smear on the slide Observations on the locality, 
the nature of the place where the specimen was collected, the date, and any other 
details considered worth recording, should be entered in a note book at the time 
Before making another preparation clean the needles thoroughly 
When required foi examination the slides should be stained with Giemsa s 
stain and search made for the presence of sporozoites It is most probable that 
these will be found in all cases where the mosquitoes contain infection of the 
glands This is so because it is very probable that one or both of the salivary glands 
will have been extracted with the tissue and be included in the smear, as these 
protrude as soon as the ‘ prosternum ’ is cut intof 

It has been shown by Mayer (1921) and by Muhlens (1921) that after riiptuie 
of a mature oocyst on the gut-wall of the mosquito, sporozoites are distributed all 
over the body and can be demonstrated m the body-fluid and ci en in that of the 
appendages Strickland and Eoy (1931) state that they found sporozoites in the 
body-fluid of all mosquitoes examined in w'hich the glands show’ed infection 

Moie recently Strickland, Chowdhury and Chaudhiiri (1933) bare examined 
large numbers of Anopheles in the Bengal Terai by the Sergents’ method, with 
apparenti} very successful results 

The advantages of the technique desciibed above may be summarized as 
follows — 

(1) The method combines, in the large majority of preparations, the advantages 
of dissection of the salivary glands, with those of Sergents’ method for detecting the 
presence of sporozoites in the body-fluid of mosquitoes 


* This IS important in very dry climates 

t It has been found hi some of the technicians emjiloj ed by the Malaria Survey of India that 
uith a little practice, dissections of the salivary glands can be made, if desired by this method, both 
glands being obtained m practically 100 per cent of cases and uithout anj material damage to the 
mosqmto Under these conditions the glands can be transferred to a small drop of saline and examined 
bj the ordinarv method in the fresh condition It is also possible, by turmne the mosquito on its 
back with the head still pomting awaj from you, to extract the mid gut and viscera The specimen 
IS held with the left hand needle hghtlv pressed between the legs, and the gut withdrawn inth the 
nght-hand uee^e by pulling on the terminal segments, after these have been partiaUy severed by 
mcking the ^tin in the ordmaty way The gtit is then draun along the shde mto a smaU drop of 
salme, and the mosqmto removed, pinned, and mounted So long as the mosquito is kept free tom 
the salme the operations can be carried out with little damage to the u mgs, palpi, or legs, and tlm 
specimen is preserved m a sufficientlj good condition for identification ^ ^ ^ 
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(2) The insect host is preserved for identification and for reference mthe 
future 

(3) The method can he carried out rapidly in the field where laboratory facihties, 
and sufficient time, for carrying out dissections in the ordinary wav, are not 
available 

(4) The preparations can be made by an assistant not necessarily trained in 
the detection of sporozoites, nor in the identification of mosquitoes 

(5) A microscope is not necessary for making the preparations 

The only disadvantage is that no information is obtained regarding the presence 
or otherwise of ooc 3 ’'sts on the gut-v all Although Swellengrebel and de Buck (1931) 
have maintained that ‘ in A onacuhpenms the incidence of intestinal infection 
allows of a more accurate estimate of the actual number of sporozoite carriers than 
does the incidence of salivar}’’ infection it should be remembered that these con- 
clusions were based on investigations made under the favourable and sheltered 
conditions of experimental work, and not under the more dangerous conditions 
ruling in nature Under the latter conditions James (1926) estimates that ‘ the 
only mosquitoes which succeed m transmitting malaiia are those rare individuals 
who happen to pass their life in conditions which resemble veiy closely those which 
we have found to be essential for the successful transmission of the disease m 
experimental work i e , a sheltered life It seems therefore likety that a propor- 
tion of mosquitoes found in natuie showing intestinal infection would, under natural 
conditions, fail to survive for a sufficient time for the glands to become infected , 
or certain other factors may prevent the appearance of sporozoites m this position 
Conclusions based on the incidence of gut-mfections only may therefore not give 
an accurate estimate of the transmitting power of a particular species m nature at 
any given time, as shown by Ui^engai (1031) On the other hand the presence of 
sporozoites in smears obtained by the method given above would afford conclusive 
evidence regarding those species which are in the infective stage This gives some 
measure of the danger at the actual time of the examinations 
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DURATION OF MALARIAL INFECTIONS IN 
THESE INSECTS 
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Lieut -Colonel J A SINTON, m d , d sc , i m s 
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[Received for publication, July 11, 1933 ] 

During the course of other experunents the following data were collected about 
the lont^evity of, and the duration of malarial infection in, Cniex fatigans, the 
common domestic cuhcine mosqiuto of India This investigation v. as carried out 
at the Ross Field Bxpenment-al Station for Malaria, Kamal (Punjab), between 
22nd October, 1932 and 20th May, 1933 

Technique of experiments 

A large number of pupie of C fatigans were collected from natural breedmg 
places of these insects The adults which emerged from these were kept for 
12 hours without food or drink in a mushn cage about 18 inches square At dusk 
on 22ad October an open wire cage, contaimng a specimen of the common house 
sparrow {Passer domesheus) showing a heavy natural infection with Plasmodium sp 
{Proteosoma), was placed in the muslin cage uith the mosqmtoes The cage was 
covered with a dark cloth and left overnight Next morning blood was visible in 
the abdomens of 110 mosquitoes These were collected from the cage and trans- 
ferred to the small lamp-chimneys described below Five insects were placed in 
each chimney 

These chimneys are of the tjrpe commonly used with small ‘ hurricane ’ oil 
lamps, and are about 4 mches long by 2i mches in greatest diameter at the 
globular portion The end opemngs, about mches to I| mches in diameter, 
were each closed with a piece of mosquito netting, which was held in position 
by a tape or a rubber-band The chimneys were placed upright in a wooden 
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tray, on the bottom of -which several layers of damp Imt had been placed The 
upper end of eacli was partly covered with a strip of damp Imt, beneath which 
weie placed a few raisins in apposition with the nettmg over the chimney The 
lint both above and below the chiinneys was moistened with water once e\eiy 
24 hours Previous experience had shown us that a growth of mould was liable 
to occur on the lint, netting and laisms, and that this had a marked effect in 
increasing the moitality among the insects-'- It was therefore necessary to 
change these as soon as any sign of mould was detected 

The oiiginal feed was the only blood meal giAmn Although the insects vere 
given opportunities of feeding on a sparrow on 7 occasions during the ]5th -iicek, 
none fed The mosquitoes theiefore subsisted upon the raisins and water during 
the wdiolc period aftci the original feed had been digested 

The chimneys w'cre kept in an ordinary room until the end of April Duiiiig 
this time a caicful lecord was kept of the maximum aiidmimmum temperatures in 
the loom and also of the relative humidity at 8 a m and 4pm (vide Tables I and II) 
No artificial heat was used during the winter ’When necessary the floor -was 
sprinkled with w^atci once or twice daily to ensme a high relative humidity at all 
times {• 

At the 13th week of the second period, as there was a marked fall m the 
relative humidity of the room and a use iii temperature (vide Table II), the 
remaimug mosquitoes (5 in all) were transferred to a room which was artificially 
cooled and humidified^ The records given during the 14th and 15th wheels 
of the second period refei to this room 


* This, increased mortahty due to inieiitation ol the mi>ects intJi bacteria ami moulds has also 
been noted by other ^\oikcr8 Sections of mosquitoes d 3 'ing under these tonditions, slioiv the gut 
blocked uith such organisms, uhich arc sometimes seen invading the tissues of tlic host It uas 
impossible to say whether tlic in\a&ion was purelj’' post inoitcni or not 

f This lb tJic routine method started by Dr llruce 5I'i3'nc and used since in the Malaria Suncy 
of India, when Cuhciiies infected w'ltli bird malaiia ore required for any rmrpobc It is found to 
well The tcnqieiature conditions mdoois at Karnal aic usually suitable foi the devdopment of U'c 
sporogouy cycle of the bud P/asmodiim On the other hand, the relative ]iuniidit 3 '’ is frequently 
unfavourable for the suivival of the insects over a prolonged period in captivity The 
moist atmosphere in such c\pciimcnts seems to have been first noticed by Nuttnll and Shqilev O'"!-,' 
Gill (1921) found that with O faiigam the lower limit of relative humidity', conqintible with the nic 
of these insects up to 5 days (at a mean temperature of 27‘'C ), W'as a mean of 48 per cent , a relative 
humidity of 60-80 per cent at the same temperature was favourable to Ixfe up to 10 days, while a rclatn c 
humidity ovei 80 per cent appeared to be even more favourable Maymc (1930) arn\cd at sonicw la 
simdar conclusions m his work with the same speoies of insect Tor this reason in our routine w or 
high relative humidity is maintained by means of moist lint over the lamp chimneys and hy 
the floor of the room where the insects are kept The relative humidities shown m Tables 1 an 
indicate the effects of the latter measure only The humidity inside the chimneys, as the result o 
moist Imt, must have been about SO per cent or over on most day’s 

J The system used in this room w as devised by Dr G Macdonald of the Malaria Sun cy M 
on the suggestion of, and in consultation with. Mayor General Sir JohnMcgaw, c i F , Director ‘ ' 
Indian Medical Service This was a successful attempt to determine wlicther a cheap ana c c 
method could be devised to maintain a more comfortable atmosphere in a room dunng tnc 
months in the Punjab, if electnc power were available , 

One doorway of the room was closed with a ' khas khas ’ (loose root fibre) screen, moist 

continuous flow of water could be maintained The air was drawn into the room through i 
screen by an ordinary electrical table-fan yilaced in the room close to the screen and a lew ,ioorfa 

the floor The hot air was dnven out by’ a similar fan placed at an oyiening near the root 
and windows were kept shut, as far as possible, while the system was in operation 

A somewhat similar arrangement with a hand drntn fan had previously been m use 
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EeSULTS of EXPrRIMENTS ON I ONGLVIT\ 

It has been found convenient to divide the 210 days, during which the expeii- 
nieiits lasted, into tn o periods of 15 u eeks each The first from 22nd October, 1932 
till 4th Febrnarv, 1933, is ronghh’' the cold season of the year at Karnal, while from 
5th Fchruiii till 20th IMay, 1933, was a warmer period (vide Tables I and II) 

Fust penod of the exjienment 

No insects died during the first two w'eeks and of the 110 mosquitoes with 
which the experiment started, 40 were alive at the end of 15 weeks The deaths of 

59 insects were attributable to natural causes, while 11 were killed to determine the 
presence of malarial infection 

The maximum room temperature during this period varied between 56°F and 
78°F (average 64 4°F ) with minimum temperatures of 53°F to 73°F (average 

60 7°F ) The mean relative humidity m the room during this period ranged from 
51 to 77 per cent (average 66 9 per cent) at 8 a m , and from 44 to 74 per cent 
(a\ eiage 60 7 pei cent) at 4 p m Under these external conditions it seems highly 
improbable that the relative Inimiditv inside the lamp-chimneys ever dropped 
below 60 per cent It was probabh at 80 per cent or over during most of the 
pel lod 

Summarj of results obtained during the first period 

Nmety-nme specimens of C fatigans (9 9) were given one meal of avian blood 
and placed under experimental conditions during which they received only raisins 
and water Durmg the 15 w eeks of this part of the experiment, the temperature 
rauged between a minimum of 53°F and a maximum of 78°F , with an average of 
about 62 5°F The relative humidity m the containers w'as high, probably never 
below at least 60 per cent and often 80 per cent or over Under these conditions 40 
per cent of the insects survived for 105 days 

Second period of the exjieiment 

During the second period of 15 weeks, of 40 mosquitoes which w^ere abve at 
the commencement, only 1 was alive at the end Seventeen insects died of natural 
causes, 13 were lost and 11 dissected to determine the presenee of malarial 
infection 

The maximum room temperature during this period varied between 59°F and 
81°F (average 72°F ) with minimum temperatures between 58°F and 78°F 
(average 69°F ) The mean relative humidity m the room ranged from 63 to 77 
per cent (average 67 5 per cent) at 8 a m and from 36 to 65 (average 52 7 per cent) 
at 4 p m 


Summary of results obtamed durmg the second period 

The observation of the 40 mosqiutoes which had survived for 15 weeks was 
continued for a liuther period Durmg this period the room temneiatiire was 
higher (vide Table II) This varied betw een a minimum of 58°F and a maximum 
of 81 F , w ith an average of 70 5°F The average relative humidity w as lowSTS 
quring the previous period, but probably never fell as low as 50 per cent in the 
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clumneys Under tliese conditions 5 mosquitoes survived 8i more days, i e , until 
transfeired to tlie cooler room Of these 1 was killed for dissection on 91st day 
and the survivor was killed on 105th day These results taken in conjunction with 
those of the previous period make a total of 189 days of survival for 5 insects, at 
least 196 days for one insect and at least 210 for another 

Some results recorded by other workers 

Stephens and Chiistophers (1908) say that ‘ in nature, Anophelines certainly 
remain alive in huts for one or tv o months and possibly longer ’ Howard, Dyar 
and Kmab (1912) report that Knab m 1903 made observations which suggested 
that certain species of JSdes lived in nature at least 3 months during the simnaer in 
western Massachusetts Herms (1916), basing his opimon on the results of 
measures taken against mosquitoes, estimates the duration of life of an adult female 
insect as 30-40 days 

Stephens and Chiistophers (1908) note that under experimental conditions, 
if siiitabh'' housed and constantly fed, mosquitoes may be kept alive for days, weeks 
and even months Hegli (1921) states that female mosquitoes can be kept alive 
on ripe bananas or blood foi 2 months, but this period is more than the average, 
generally all die in 2-3 wrecks Howard, Hyar and Knab (1912) record that the 
females of JSdes aeqijpti have been kept alive m captivity for 164 days Mayne 
(1922) kept a specimen of C teintans alii’-e for 265 days on a diet of dates and 
water 

Workers Iilce Gill (1921) and Mayne (1930) have kept C faHgans ahve for 
several weeks in captivity, undei suitable conditions of humidity and temperature 
Mayne (1930) working with this species found that the minimum range of relative 
humidity for the insect was 43-45 per cent even at a temperature above 80°!' Of a 
batch of 47 females of C faHgans kept at 80 per cent relative humidity and 85°F , 
27 were still alive at the end of 34 day's, the majority of the others having been 
killed for dissection 

Many workers have experimented with the longevity of Anophelines m 
captivity Nuttall and Shipley (1902) state that Grassi kept Anophelines alive for a 
month under laboratory conditions 'Howard could only keep A macnhfcnws 
alive for 8 days during the summer, but in the autumn they lived for 50-60 days m 
confinement, these being insects which would probably have hibernated 

Mayne (1922) investigated the longevity of A gtmicHpenms, A ciucians and 
A quadnmaculatus under the same conditions The insects were confined m 
lamp-chimneys at a range of temperatuie horn 48°F to 76°J' Aftei 1-3 prehnun- 
ary feeds on blood, a diet of dates and water only was given Specimens o 
the first species survived 100 days, of the second 65 days and of the last 73 days 
under these conditions In another experiment a specimen of A funcHpcnins 
was kept alive for 231 days 

James (1926) records that, of a batch of 300 specimens of A macnhpennis 
caught in nature and fed on an infected person, 2 were alive after 96 da^ and 
after 103 days These insects had lived intermittently for 3 weeks at 73'’F -75 
and 2 1 months at about 40°F -43°F During this time they had had 40 
ties of feeding on blood The numbers surviving this period would probably na^ ^ 
been much greater, because many w ere killed for dissection and the insects vc 
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exposed to the risks of transport and experimental manipulations in connection with 
the tnnsmission of malaria to man on 40 occasions James (1926) also reports that 
there was a 50 per cent mortality among Ins specimens of A mamlipenms every 
7-10 days, when kept under artificial conditions at about 72°F ~75°F At about 
79°F , the mortality was still higher 

Ma-v ne (1930) found that the minimal humidity requiiemcnts for A fuhginosus 
were 38-40 per cent, for A stibpictus and A stcphensi 56-58 per cent and for 
A ciihcifacic^ 57-62 per cent At a relative liumidity of from 55 to 58 per cent 
with temperatures of from 80°F to 88°F A cultcifacies survived in captivity from 
7 to 21 days, A suhpictus from 5 to 39 days and A steplmisi from 7 to 32 days 

Discussion op results 

James (1926) considers that mosquitoes iindei experimental conditions lead 
a sheltered life They are piotected against wind and rain, against unfavourable 
changes of temperature, and their food is available without rislc To these may be 
added protection from two of the great risks under man} tropical conditions (o) 
protection from natural enemies, especially from ants, which attack sluggish insects, 
and (6) protection from unfaa ourable conditions of low humidity James (1926) 
thinks that with A maculipenms, if the temperature in nature be for 10 days or 
more about 75°F , only one mosquito out of five which have had infectne meals, 
su^^^ves long enough to infect another person He also associates the shorter life 
of this species in the earlier summer avith the greater reproductive activity of the 
insect at this time, as compared w ith the autumn 

Boyd (1930) states that ‘ the adaptation of the schizogonous (^ sporogonous) 
cycle of the malaria parasite to the anopheline mosqmto indicates that the probable 
expectancy of life of the summer female may be two w eeks ’ This suggestion 
may also include C fatigans, the common host of the bird Plasmodium m India 
The fact that all other insects survived two weeks under experimental conditions, 
may mdicate that this is about the usual period of survival when the humidity 
conditions are favourable 

The various factors w hich have been suggested by different w orkers as having 
a marked influence on the longevity of the mosqmto, both in nature and captivity, 
must be considered 

In discussing the survival of C fattgans under artificial as compared with 
natural emironments, one must remember that this is a house-haunting mosquito 
It probably remains indoors when meteorological conditions are unfavourable 
Its domestic propensities make available an abundant supplv of animal food I\Tien 
the humidity conditions outside are so low as to be unfavourable, the insects are 
free to find more suitable conditions indoors and therefore haunt bathrooms and 
the vicimty of any stored water Local conditions of relative high humidity are 
not uncommon in human habitations in India The temperature in the plains of 
the Punjab and most parts of India, never falls low enough durin«f a sufficiently 
long period for hibernation to take place ° ^ 

As stated by James (1926), the conditions of life in captivity were much more 
favourable for his mosqmtoes in many respects than in nature It is therefore 
necessary to consider in how far the experunental conditions affected the insects in 
our investigations v ^ u 
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Tlie conditions favourable to survival may be summarized as follows — 

(a) Absence of naiwol enemies — Under natural conditions in India there is 

no doubt that ants and other enemies destroy large numbers of mos- 
quitoes, more especially those which are sluggish for any reason 
Our insects were protected from this danger 

(b) Piescnce of constant and f avow able conditions of humidity and teinpeiaiure 

— In the plains of the Punjab, where, for considerable periods of the 
hot weather, the outdoor humidity conditions may be unfavourable, 
our insects were protected from these adverse circumstances 
However, as mentioned previously, in nature the insect has often 
many opportunities of escaping such conditions In many other 
parts of India the humidity conditions for this insect are very favour- 
able during most of the year 

(c) Protection from wind and lain — ^As mentioned previously such protection 

may be available in nature 

(d) Absence of a high degiee of lepioductive activity — As our insects weie 

bred in captivitj'", probably most of them were unfertilized and the 
risks of egg matuiation and laying were avoided 

(e) Easily available food supply — ^Except foi then first meal, our insects 

did not get any of then natuial blood diet Whether such a diet 
would prolong life we do not know% but some of the work of James 
(1926) is suggestive The food supplied in our woik was liable to 
increase the mortality from bacterial and fungus contamination 
The conditions unfavourable to smvival may be summaiized as follows — 
(a) Bactenal and fungus infection fwm food 

{h) Absence of oppoilunity of seehn a the most favoio able natuial conditun\s 
of teinpeiatuie and humidity 

(c) Absence of noimal food (f) 

(d) Tnjunes undei expeiimentaJ conditions 

(e) Absence of opjioiiumty foi changing diet (^) 


Conclusions 

It is impossible from these experiments to say what is the normal length of hfc 
of females of 0 fatigans in nature If one compares the favouiable and unfavour- 
able conditions present in captivity, it seems piobable that the majority of these 
insects live at least a month in nature, and probably foi a much longer period m 
localities where the humidity conditions aie favourable As this insect is a 
common carrier of filariasis in many parts of India, further experiments on i s 
longevity seem indicated in relation to the study of this important disease 


Eesults op expebiments upon the duration op infection in Culex fatigans 

During the course of the experiments summarized above, 21 mosquitoes v ere 
dissected to determine the presence of malarial infection arising from the o 
meal given at the commencement of the investigation Of these mosquitoes a o . 
of 17, or 81 per cent, showed infections, either with oocysts in the gut or sporozo 
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lu the '^aln \n gbuds Gut infection® Mere found in 6 insects and infection of the 
salivaij glands in 21 (iide Table III) 

During the 15th week, i e , at the end of the first period mentioned above, 
dissection showed that a aery large proportion of the insects still had numerous 
motile sporozoites in the salnai} glands These appeiied to be perfectly normal 
and w ore actia elv motile As a furthei test of the viability of these organisms, 
the insects w ere gn en an oppoitiiuity of feeding upon a normal sparrow Unfor- 
tunately, although thev had opportunities on 7 diffeient occasions, none fed This 
may have been due to (a) the low temperatures prevailing at the time, or (ft) because 
the insects, baaing become accustomed to a fruit diet, had lost their avidity for 
blood, or (c) because the insects were enfeebled bv long captmt-^ (which does not 
seem likelv, when one considers that at least 5 of them lia’^ed foi a further period 
of 84 days), or (d) because the absence of siutable conditions for fertilization and 
oaupositiou affected the insects unfavourably 

It seems most probable that the main cause of the failure to feed was the ada^erse 
conditions of temperature 

AMien the attempts to induce the insects to feed had faded, it was decided to 
trv whether the infection could be transmitted bt the in]eetion of sporozoites from 
the glands into normal spairows The glands were dissected out in noimal saline 
solution, and the presence and motilita of the sporozoites determined under the 
microscope The infected glands were then emulsified m saline solution and the 
les iltant mivture drawn up into a pipette with a very fine point "With this the 
sporozoites avere injected directly into the avmg aein of the experimental birds 
The whole procedure did not take more than 5 minutes from btginnmg to end 

The residts of these expeiiments are gia'en m Table IV From this table it 
can be seen that no infection was produced in one birc^ by the intravenous injection 
of sporozoites derived from a total of 30 lobes of infected salivary glands This 
total amount was injected at four different times from mosquitoes showing infection 
from 16th to 19th weeks In all instances the sporozoites were actiaely motile and 
appeared to be normal 

To the second sparrow, the sporozoites from 6 lobes of infected glands were 
injected on each of two occasions, in the 24th and 28th w eeks respectively On the 
first occasion the sporozoites were motile and on the second they were non-motile 
Here again no infection developed 

From Table III it will be seen that 8 out of 10 mosquitoes dissected during the 
second period showed sporozoites in the salivaiy glands Actively motile sporozoites 
were found as late as the 166th day after the primary feed, while non-motile sporo- 
zoites were found at 194th and 2i0th days 

Discdssion 

Several v orkeis have investigated the duration of sporozoites m the salivari^ 
glands of infected mosquitoes Boiibaiid (1918) fed 5 bred speennens of A macuh- 
penms on a patient infected with P falciparum Three of these insects show ed a 
heavy oocyst infection of the gut 7 to 12 days later, and a fourth had its salivary 
glands crammed with sporozoites when examined on 26th day ~ The remaining 
mosqmto was kept in the laboratory at temperatures varying from 39°F to 74°F 
for 21 months, and fed on syrup During the next 23 days it was allowed to feed 

J, MR 



4G2 Loiigeinty of, and Malanal Jnfechon in, C fatigans 


on vaiions animals on 4 occasions AVhen this insect was allowed to bite a man 106 
days aftci the original feed, no infection nas piodiiced It was killed and dissected 
at the end of 125 da}s, nlicii only a fen degenerate sporozoites were found in one 
gland Rouband concludes fiom tins tbat an infected Anophdine may purge itself 
of spoiozoites in the course of a fen bites and that any sporozoites not so discharged 
gradnally degenerate 

Majmc (1922) reports tliat he has seen a few scattered sporozoites in the glands 
of a specimen of A punclipennis fed IDS days previously on a patient harhoimng 
P vivax In a later senes of oxpciiments Mayne (1922) tiled to infect a patient 
with a batch of A yinnciijyenms nlncli Lad fed on a cie'=^cent cairier 74 days before 
and been kept at tempei atiu es betn cen 45°F a nd TS®!’ Ro infection was produced 
On dissection of these insects some time afternaid«, ‘ nucleated, sluggishly motile 
bodies, indistinguishable fiom sporozoites ’, were found m the salivary glands of two 
These mosquitoes had therefore retained living sporozoites of P falcipmwn in 
then glands for 83 to 92 days after feeding A similar test was made with another 
batch of the same species of mosquito also fed on a case of malignant tertian malaria 
These insects conveyed infection successfully after 55 days, but failed at 67th day, 
although very active spoiozoites weie found on 68th day In another instance 
imdei sunilar conditions, a mosquito, wdiich showed ‘ viable sporozoites ' on 
70th day, had failed to infect a patient on 61st day Another spccmieu, which 
failed to tiansmit infection on 66th day, hailionied living sporozoites on 71st day 
In Mayne’s study ‘ 95 days was the longest time that apparently dead sporozoites 
nere found in the sahvaiy glands of specimens of A 2 >nnct'i 2 ny‘>^n'is infected nith 
P falci'paium , and m those infected rvith P vivax, 105 days was the maximum 
period ’ ^ 

James (1926), mthe expeiiments summarized previously found that A maciM- 
penms could convey infection by bite as late as 95 days after one infective feed on a 
patient with benign tertian malaria Tlie salivaiy glands of tbe specimen wdiich 
transmitted this infection weie found to contain on i02nd day ‘numerous sporozoites 
which were actively motile and show^ed no signs of abnormality ’ The mosquito s 
stomach wms ‘ full of uncoagulated red blood but the presence of zygotes (oocysts) 
was determined ’ 

In evaluating this experiment in relation to those with C fatigans, it must be 
remembered that the Anophelines used had spent at least twm-tliirds of the time a 
temperatures ranging between 40°F and 43°F These low temperatures mus 
have markedly slow'^ecl down the development of the spoiogony cycle of the malaria 
parasites in the insects, as is shown by tbe presence of oocysts at a late pei lod - 11 ’® 
gradual matuiation of these oocysts, wRen conditions were favonrable, mi’stharc 
resulted in a continual replenishment of the store of sporozoites m the salnar} 
glands Under these conditions the age of the sporozoites at tl.e end of the 
ment cannot be detei mined, but was almost certainly very much loss than m ic 
insects reported by Rouband (1918), by Mar ne (1922) and in oiii work 

James (1927) also repoits tbat a batch of A macuh 2 yennis fed on 
infected with P vivax transmitted the infection to 54 new patients during a 
of 10 weeks During the last 2 wmeks spoiozoites became scanty but w'cre rep c 
isbed by refeeding on an infected person After this they succeeded m mfec 
other persons The conditions of tins experiment were very similar to ' 
previously recorded by James (1926) 
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Conclusions 

The results of our e\penmeuts and those of other uoiLers recorded above 
bUgsest that — 

(a) After a single infective feed n mosquito may transmit the malarial parasite 
for a period as long as 8 weeks, when kept at comparatively high temperatures for 
most of the time 

(b) If the infected mosquitoes aie kept foi the majority of their lives at 
comparatn eh low temperatures sufficient to inhibit or retard the growth of the 
parasite the sain iry glands may be continually replenished w ith fresh sporozoites 
derned from ooci sts maturing cUuing periods of more suitable temperature Under 
such conditions infections ma> be transmitted as late as 102 daj s after the primary 
infective feed 

(c) The sequence of eaents appears to be diflercnt when, aftei an infectne 
feed, mosquitoes are kept under temperature conditions favourable to a compara- 
tneh rajnd maturation of all the ooc)sts and an invasion of the salivary glands 
with sporozoites Undei such conditions thcic seems to be a tendency for the 
sporozoites to lose their infecting power after about 8 or 9 weeks Even although 
ther art found to be actnel) motile and show no detectable abnoimality, they 
may not be infective In C fafigans active, but apparently non-infective, sporo- 
zoites are detectable as late as 166 da} s after a single infective feed, and non-motile 
sporozoites as late as 210 days 

(d) If a mosquito be gi\ en periodical feeds of infective blood the duration of 
infectiMty in the insect would appear to be limited only by its span of bfe 

(e) In the absence of replenishment of^the glands, biting appears to deplete 
the stock of sporozoites 


Our thanks arc due to Laboratori -Assistant Ambrose David for the care taken, 
and the technical skill displni ed, during the course of these ini estigations 
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Table III 


RESULTS OF DISSECTION OF MOSQUITOES 


^Veoks 

Guts 

PAIBS or GLANDS 

Total 

mosquitoes 

examined 

Total 

mosqiutoes 

infected 

Number 

examined 

1 Number 

1 positiie 

Number 

examined 

Number 

positive 

2 

5 

3 

5 

0 

5 

3 

5 

2 

1 

2 

2 

2 

2 

6 

1 


1 

1 

1 

1 

14 

2 

2 


1 

2 

2 

15 

1 

0 


1 

1 

1 

16 

2 

0 


2 

2 

2 

17 

1 

0 

1 

1 

1 

1 

18 

3 

0 

3 

1 

1 

1 

19 

1 

0 

1 

1 

1 

1 

24 

1 

0 

1 

1 

1 

1 

28 

1 

0 

1 

1* 

1 

1 

30 

1 

0 

1 

1* 

1 

1 

Totals 

21 

6 

21 

13 

21 

17 


* Non motile sporozoites 


Table IV 


RliSULTS OF INTKAVENOUS INJECTIONS 01 SPOKOZOITES 


Week of 
injection 

Bird 

number 

1 

Number of 
glands 
used 

! 

Condition of 
sporozoites 

Results of blood examinations of 
spar^o^^ 

16 

1 F 

12 lobes 

Motile 

17tli ueek 

Negative 

17 


6 „ 


ISth „ 

f> 

18 


6 „ 


19th „ 

If 

19 

»» 

6 „ 

ft 

20th „ ,> , . _.i 

(The bird died vith no evidence of niaianm 

infection ) 

24 

151 M 

6 „ 

91 

25th veek 
26th „ 

28th 

Negative 

11 

ff 

28 

.. 

1 

1 

6 „ 

Non motile 

1 

29th „ 

30th „ 

Negative and also 6 siibsc 

quent evammationo 
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NOTICE. 

Courses of Instruction in Malariology under the Auspices of the 
Health Committee of the League of Nations 


The Health Committee of the League of Nations has arranged for courses of 
Instruction in Malariologv under the conditions prevalent m Far Eastern countries 
for the benefit of malariologists tahing up dut} in Eastern countries and for those 
engaged m woik in the East who are unable to attend malaria courses in Europe 
Courses vill be organized annually for theoretical and practical traimng in 
Singapore, and field study also arranged for in Malaya and Java The theoretical 
training vill last approximately thirty days, the first course commencing on April 
30th, 1934 The practical training will occupj a similar period 

The course w ill be open to any medical practitioner, the fee for the theoretical 
study being seventy-five Straits dollars Further information may be obtained 
from the Director of the Eastern Bureau, Health Organization of the League of 
Nations, Singapore 

The Syllabus for the course is appended 

Editor 


SUMMARY OF SYLLABUS 

MALARIA COURSE 

I Haematology. 

Preparation of thin and thiek blood films and preparations for the studj of fresh blood 
Methods of staining Normal and abnormal blood cells Differential leucoevte eonnts 
Enumeration of red and irhite cells Estimation of hsemoglobin An-emias 

II Protozoology 

(a) General eonsideration of Protozoa inth partieular reference to the Sporozoa — Plasmodium, 

Hcemoprotrus, Leucocytozoon, Babesia, Theilena, Beemogregarina 

(b) Plaimodnim Historical, bird malana and monke 3 malaria General descnption and life 

history of the malana parasite Development of the parasite in the mosqmto Detailed 
descnptions of P tiiax, P malance, and P falciparum Other species desenbed in man 
and alhed species Mixed infections, relation of parasite cj cle to febnle symptoms Culti 
% atiou of malaria parasite Difficulties and fallacies in examination of blood 



Notice 


in. Symptomatology and Pathology. 

/Etiology, tjpc'i of nnlnrinl fc\cr, nicclinni'.m of febrile attack, onset, course and termination 
of ordinary cnees riinical t^ pes and other dieenecs sinnilntcd, racial \auations, pernicious 
and chronic ninlniia, provocation of attacks, diagnosis, aids to chnital diagnosis, piognosis 
Induced innlnnn, deln^cd innmfcstntions, complications and sequelre 
BlacI water fever 

A'litolocjy Evolution and sjuiiptoms, prognosis, difTcientinl diagnosis 
Tfcatment — General licatnicnt 

Pliarinncologj and toMColog'S of drugs used in treatment, mass and routine treatment, treat 
nicnt of Blnckwatcr ferer and «e\c"c and fulminating cases treatment of special sjmptoms, 
ifter treatment and results 

Patholosij of blood and mint, malainl pigmentation, lesions in organs and their ongin 
Pathology of Blackuatcr fcicr 

IV. Entomology. 

Insects and their i lassifieatioii Diptera Ncmatocera Nomenclature, Genus, species, and 
categones bcloii the species irosquitocs — gineial chaiacters, classification and affinities 
Aforphologi of adult, Inna and olhci stages in the life history CFcologv of adults and 
Iar\ e Control Xatiiial enemies and parasites Biological control Prophjln\is 
Alalaiia parasite in the mosquito Natural and 1 iboiatorj'' infections Susceptibility 
Disfiihution of ’Vfalaim cariieis Epidemiology in lelationto mosquito audits parasites 
Jletcorologicrtl factois Habits, Ineeding places and control of piiucipal earners in the 
noild Technique of catching, liandling, rearing, jiresemng and dissecting mosquitoes 
Alosqmto surieis Uetciniination of mosquitoes in all stages Use of keis and onginnl 
descriptions in tlic stud^ of the nnpoitant carriers in the East 

V. Epidemiology. 

Endemic, epidemic and pandemic malaria The mcnsuiement of malaria Pactois iiifluen 
cing pies alencc of malnna, c g standaid of bring, mefeorolog} , movements of population, 
degree of anophelism and seasonal incidence of mosquitoes, suscepfcibibtv and inimiiniti 
Spontaneous disappearance of maiaiia Anophelism vithont malaria Topographical 
Control (Also see under Entomology ) 

Destruction of adults Destiuction of laiva? species control, and permanent and temporary 
measures Relation of permanent measuies to civil engmeering Legislation 

Prophj laxis — peisonal Segregation of infected persons Mass distribution of qinniiic, 

plasmoquine, etc Screening Zoopioplu laxis Bonification Surveys and their inter 
pretation Organisation of Malaria Ser\ icc'j 
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THE ANTISCORBUTIC VALUE OF AL4RIOUS 'KINDS OF 
SPROUTED jMUNG {PEASEOLnS MPEG) AND 
THEIR EXTRACTED JUICES 


BY 

Major R C MATS, md, dbh, dtm, tms, 

AUD 

Assistant Surgeon W J MOODHOUSE, ijid 
[From the District Laboratory, P d A District, Calcutta ) 

[Received for pnbbcation, July 10, 1933 ] 

Tms investigation is the continuation of the work pubhshed by Mats (1929), 
Mats and 'White (1931), and Mats and Eyles (1932) 

It was ascertained by Mats and Eyles (1932) that the sprouted mung {Phaseolvs 
mtiiig) was best amongst the various kinds of seeds tested — as to its tenderness when 
consumed raw (‘ salad ’), its high antiscorbutic value, and the ease with which 
it germmated These experiments were carried out m Upper Burma vnth the ' 
puise available locally but it was found that at least three distinct kmds were 
available m the Calcutta bazaar It is well known that the vitamm values of the 
various food-stufEs differ accordmg to the variety of the articles, and the emuronment 
m which they have been grov n (McCarrison, 1930 , Bracewell, Hoyle and Zdva, 
1930) It vas to determme whether the above statement was apphcable to the 
other varieties of this ‘ dal ’ that the work was undertaken Giunea-pigs, as usual, 
were used for assaying the antiscorbutic values 

The varieties of mung — ^Tliere are three kinds of this seed available in the 
Calcutta bazaar differing m size of the seed according to the source from which they 
are derived — 

(a) The Chmese variety, imported from Smgapore, has the biggest seed, 
reqmimg on an average five seeds to an mch, if these are laid lengthwise The 
J, MR ( 467 ) 1 
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bulk of the seed is about double tlie ‘size of tbe Bengal, and about one and a half 
times tliat of the Upper Indna variety Tbe average lengtli of tbe sprouted radicle 
IS 6 6 cm 

(6) Tbe Upper India variety is grown m tbe Punjab, Eajputana, etc The 
seed bolds an intermediate position between tbe China and Bengal types, about six 
seeds when laid lengthwise covering an inch In bulk tbe seed is one and a half 
times that of tbe Bengal land Tbe average length of tbe sprouted radicle is 
3 3 cm 

(c) Tbe Bengal variety is a local product of tbe province , on an average eight 
seeds when laid lengtli wrse cover an inch The seed is much smaller than either 
of tbe above Tbe length of tbe sprouted radicle is 2 75 cm 

Meihoil of spotdmg — For compaiative values Wats and Eyles (1932) suggested 
a standard period of 48 hours for soaking and sprouting of tbe seeds Tliese 
experiments were carried out in Ufaymim during tbe cold weather and no 
deterioration of tbe sprouts was noticeable, but m Calcutta towards the end 
of March it was observed that the radicles of tbe seeds became speckled 
with brown coloration and withered at tbe tips It will be seen from the 
graphs that all tbe experimental ammals fed on these began to loose weight 
(on or about 30tb day of tbe experiment) Tbe substitution of 5 boms soalong 
and 19 bouts germination gave use to normal sprouting with consequent 
rise in tbe weight of tliese ammals It is notewortbj' that covered receptacles, 
due to the moist atmosphere, far cured spi outing Tbe length of tbe sprouts 
was longest when samples were kept in semi-darkness, but for our experiment 
tbe process was carried out m an ordinary laboratory room It is not possible 
to lay down any standard period, tbe time of the soaking and sprouting depending 
on the climate The ideal should be to obtain healthy, creamy white ladicles 
without any brown speckling or withering of tbe tips It may be added that the 

Upper India variety contained about 20 per cent unsproutable seeds, which were 

similar m looks to the good ones This is, probably, due to adulteration by un- 
scrupulous dealers, hence a caiefui selection was necessary to employ only sprouted 
seeds for tbe experiments 

Jmeet) of the spouted mung — Although germinated mimg has shoivn the 
highest antiscorbutic value amongst tbe various seeds tested so far, tbe objection 
has been raised to its use that tbe consumption of tbe raw material is liable 
to set up gastric irritation One of us has frequently consumed about two 
ounces of tbe fresh sprouted dal as salad and repeated tbe experiment on 
other persons of various ages without any digestive disturbances occurring 
During the cooking process, apait from tbe destruction of tbe vitainm 0, 
tbe product is rendered very tough and even prolonged boding does not soften 
it To obviate this difficulty and at the same time to eliminate indigestible 
material such as cellulose, etc , it was decided to extract tbe juice from 
tbe germinated samples and test its value Tbe latter was passed througn a 
mincmg macbme and tbe juice extracted by passing through fine muslin, 
per cent of citric acid with a a adequate amount of sugar was added and oleum 
femoms was used for flavonrmg the mixture This artificial lemon 
quite pleasant to tbe palate but owmg to its acidity tbe expermiental animals remse 
to take it, even when mixed with large quantities of basal diet The antiscorbu 
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value of the preparation m this form could not he determined for this reason Hence 
for the experiment citric acid and the lemon flavour was omitted and the pure ]iuce 
was obtained by pressing tlirough muslin and allowed to stand m a glass cylinder 
for an hour, the supernatant waten juice being subsequently pipetted off and 
used for experiment If immediate feedmg i\as not possible, liqiud paraffin 
y as added to form a layer on the top 


Etpeeiments 

Basal (het — Giunea-pigs were given a basal diet consisting of bran and oats 
(equal parts) vith 30 per cent of crushed gram (Ciecr anetmvm) as described 
by TTats and 'ftliite (loc cit ) To meet any criticism as to deficiency of 
antamins A and D, the basal diet in certain animals was supplemented by one ^op 
of Hahverol (vitamms A and D concentrate supplied gratis by Messrs Parke, Davis 
& Co , to whom our thanks are due) 


Experimental gronjis 

Group 1 Control animals — 

(а) Two guinea-pigs on basal diet as above 

(б) One guinea-pig on basal diet with one drop of Hahverol 

Group 2 Groups given germinated miings — 

(a) China niung — One guinea-pig on basal diet supplemented 
by a drop of Hahverol with 3 grammes of the germmated 
dal 

(b) Upper India nmng — One gumea-pig on 3 grammes of 

sprouted seed and basal diet with one drop of Hahverol 

(c) Bengal viiing — Two giunea-pigs (?) 3 and (??) 4 grammes 

of the sprouted seeds with basal diet contaimng one drop 
of Hahverol 

Gkoup^S Groups given extracted juice from China and Bengal variety of 
mung — 

(u) China mung — Three guinea-pigs on basal diet with Hahverol 
plus 3, 4 and 5 c c of the extracted jmce 

(6) Bengal mung—'Five giunea-pigs on basal diet without 
Hahverol plus 1, 2, 3, 4 and 6 c c of the extracted jmce 


Group 1 


Result" 

The control animals without Hahverol died on 24th and 32nd day 
havmg lost 65 and 120 grammes from their imtial weight of 320 
and 420 grammes respectively 
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Group 2. 


\ 


The control animal with Hahvcrol died on the 26th day haviii 
lost 110 giammes from the initial weight of 305 grammes Tb 
usual signs of scuivy were noted 


Graph 1 

Controls (basal diet) 



(a) China mung — The animal on 3 grammes maintained its 
mitial weight until the 87th day when it began to lose 
weight On substitution on the 42nd day o'f 24 horns 
sprouted dal in place of dal sprouted for 48 hours the rise 
in weight was noticed at the next weighing, i e , 49th da} 
The experiment was stopped on the 70th day when the 
animal had gamed 50 grammes over its initial weight (300 
grammes) 

(5) JJ'p'per India mung — The animals rose steadily in weight 
till the 30th day and went on losing weight until the 
42nd day On substitution of the germinated dal as above 
[see (a)] the weight rose from the 49th day onwards 
The experiment was stopped on the 70th day, the animal s 
weight showmg an increase of sixty grammes over 
its imtial weight (300 grammes). 


tao 
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(c) Bengal mung — 

(i) After an initial drop for ten days the animal more 
or less maintained its weight until the 30th day 
The same phenomenon as m (a) and (6) was noticed 
regarding tlie loss and gam of weight The experi- 
ment was stopped on the 70th day, the animal 
having lost ten grammes from its imtial weight (300 
grammes) but show ing no signs of scimw 

{tt) The animal on 4 grammes after the initial drop m 
weight for ten dais rose steadih till the 25th day 
when a similar phenomenon as detailed above was 
noted The animal at the termmation of the 
experiment (70th daj) had gained 15 grammes ovei 
its initial weight of 410 grammes 


Graph 2 

Sprouted mwig dais (basal diet and Haliverol) 



GROtTP 3 Extracted juice — 

(а) China mung — ^AU the three animals after varying ups 
and downs m weight died on 37th, 26th and 42nd day 
respectively 

(б) Bengal mwig— The above also is applicable to all the 

ammals except the one on 6 c c , the death taking place 
on the 25th, 52nd, 40th and 30th days respectively Thei 
animal on G c c was showing climcal symptoms of scurvjy 
hence the experiment was stopped ^ ' 
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Graph 3 

China mung (expressed ]uice, basal diet and Haliverol). 



Grape 4 

Bengal mung (expressed ]uice and basal diet). 



£h(i protective value of the sprouted dal is well shown but the failure of 
extracted juices to protect guinea-pigs from scurvy was puzzhng, especiaUy 
sprouted seeds, weight for weight, had been found to be as potent as orange oi - 
juice The following experiments show that the destruction of the vitamin t is 
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to the action of the potent oxidizing enzymes present in the juice After mmcmg 
some of the sprouted seeds the juice was extracted by passing the mass through 
mushn After filtering, a few c c of each were added to eight test-tubes, four of 
which were boiled for a few minutes 

(а) To two of the tubes (1 boded and 1 unboded) a few drops of a 1 per cent 
solution of benzidme in 50 per cent alcohol were added On standing a shght blue 
colour was noticeable in the unboiled juice only 

(б) The above experiment was repeated with two more samples (one bemg 
boded) by substitiitmg a solution of p-phenylenediamme hydrochloride in water 
instead of benzidme A greemsh-blue colour developed m the unhoded specimen 

(c) The experiment was similar to {a) except that a few drops of hydrogen 
peroxide were added An immediate blue colour was noted m the specimen 

(d) Simdar to (6) but few drops of hydrogen peroxide were added An 
immediate greemsh-blue colour was noted 

From the above experiments the presence of oxidase and peroxidase was 
inferred 

SxJMMAPY AKD COK-CLUSIONS 

The basal diet ivith oats, bran and crushed gram -worked quite satisfactorily, 
the animal thriving well without any mtestmal disturbances The addition of 
concentrates of vitamins A and D to the basal diet m some experiments did not seem 
to make any appreciable difference in the mamtenance of weight of the animals 
or defer the onset of the special symptoms of scurvy 

Three grammes of the sprouted gram of each of the varieties of mwng tested 
were foimd to be an adequate antiscorbutic for guinea-pigs 

The failure of the jiuces obtamed by crushing the genmnated seeds to protect 
against scurvy is attributable to the presence of oxidase and peroxidase enzj-mes 

Further experiments were carried out and it was ascertained that even 10 c c 
of the freshly extracted jmce of the Upper India variety of mnng acted as a pcor 
antiscorbutic , symptoms of scurry supervened on the 50th day of the experiment 
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COBIPAEATIArE BIOCHEMICAL FINDINGS IN BLOOD OF 
NORMAL AND MALARIA-INFECTED MONKEYS 
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[Received for publication, September 30, 1933 ] 


Biochemical aspects m the malaria-infected monkeys tvere studied m the 
hope that some significant information might become available to add to the 
knovledge of the setiology and pathology of the disease The first ddhculty encoun- 
tered vas the absence of any data recorded to shoivthe bmits of noimahty of the 
chemical constituents of the blood m monkeys 

The species of annual infected with a parasite encountered in a Singapore 
monkey was Macaca mulatta , samples of blood were collected after a night’s fast 
In the foUowmg mvestigation the results obtamed from normal monkeys, together 
with those infected with malaria, are recorded side by side for comparative purposes 
In several cases the normal and the post-infection results are from the same animals 
as shown by the serial numbers Some observations of other workers m human 
malaria have been referred to under the appropriate headmgs , these may prove of 
interest as the normal biochemical figures for the blood of human beings and monkeys 
are, with minor exceptions, similar 

Blood-sugars — Sinton and Hughes (1924) m the course of a study -of the func- 
tional capacity of the liver in human malaria found the fasting blood-sugar m fifteen 
cases to vary from 146 mg to 75 mg per cent— the average value being 105 mv 
per cent Huge et al (1929) investigatmg all varieties of malaria foimd little 
endence of deviation from the normal m both pyrexial and apyrexial cases and m 
no case was the value greater than 130 mg per cent 

( ^75 ) 
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Technique — The colorimetric method of Folin and AYu was employed 


Results of present investigation 

The blood-sugar values found m normal and infected monkeys are summarized 
below — 


Table I 

Blood-sugar-values given as mg per 100 cc of blood 


NoHMAt, 

Infected with madabia 

Senal 

number 

Sugar 

Serial 

number 

Intensity of infeetion 

Sugar 

29 

1 

87 5 

30 

Parasites -f , blood taken a day after 2 
grains of quinine intramuscularly 

816 

30 

100 

38 I 

1 

30,800 parasites per c mm , chiefly schi 
zonts 

97 6 

30 

100 

i 

38 11 

1,200,000 parasites per c mm , chiefly 
scluzonts , blood taken a day after 
atebrin 0 1 g 

96 0 

41 

96 

38 III 

No parasites 

114 

45 

111 

41 

Parasites + + -1-, blood taken a day 
after 2 grams of quinine intramuscularly 

95 

Average 

100 7 

Average 

96 8 


The values found aie in agreement with those recorded by various observes 
m human malaria and warrant the conclusion that no noteworthy alteration m the 
level of the blood-sugar occurs in the malaria-infected monkeys 

Non-protein niiioqen — Yamanaka (1927) states that urea and residual nitrogen 
are generally increased in the blood m human malaria Several observers have 
noted an increase of urea as a result of accelerated catabobsm, depending on the 
severity of the infection. 
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Technique — Colorimetric method of Folm and Wu was employed 


Tabi.e II 


Non-protein niirogen-^alues given as mg per 100 cc of blood 


Normal 

Irfeoted with malaria 

Senal 

number 

Non protein 
nitrogen 

Serial 

number 

Intensity of infection 

Non protein 
nitrogen 

29 

33 8 

41 

Parasites blood taken a daj 

after 2 grains of quuune intramnscu 
larly, red blood corpuscles 3J 

i milhons 

30 

SO 

38 0 

1 

47 

! 

2,016,000 parasites per c mm , chieflj 
schizonts 

38 8 

1 

1 

30 

25 0 

i 

49 I 

42,340 parasites and 5i millions red 
blood corpuscles pet c mm 

36 9 

41 

1 

29 7 

49 II 

No parasites , atebnn 0 1 g given 
daily three days before collection 
of blood , red blood corpuscles 

5 milbons per e mm 

40 0 

45 

27 3 

63 

207,200 parasites, chiefly mature schi | 
zouts , red blood corpuscles 5 
miUions per c mm 

30 0 

Average 

30 76 

1 

Average j 

34 9 


It "would he noted that in the normal monkeys the maximum and minimum 
values he between 25 and 38 mg respectively and the average value comes to 30 8 
mg per cent There is httle evidence to show any abnormality m this respect 
in the infected monkeys ' 

Phosphates Estimations of the luoigamc content were made on the plasma bv 
the method developed by Benedict (1924) ^ 
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Amongst the normil animals the maximum and minmiiim values of morgamc 
phosphates he heweeii 2 6 mg and 4 4 mg n itli an average of 3 7 mg per cent 
The infected animals treated with anti-malanal remedies show a distinct increase 
above the normal average vithoiit showing a correspondmg mcrease in the non- 
protem nitrogen The animals mfected with malaria but not treated m any way 
show the inorganic phosphates at almost the same level ns the normal ones, hence 
the increase m the treated animals should be ascribed to the qmnme atebrin, etc , 
and not to the malarial infection liMiether the mobilization of inorganic phosphates 
has anythmg to do with the metabolism of these remedies or is merely the result 
of tissue des^'ruction caused bj the intramiiscidar injection, would be an interesting 
study 

Calcium — ^^^^^ltmore (1928) reports serum calcium values of 13 5 per cent 
and 16 4 per cent in two cases of human malaria in blaclcwater fever subjects 
Control cases, however, likewise gave higher values than the accepted normal 
(9 mg to 11 mg per 100 c c of serum) 

Techmque employed in present mvestigation was based on the work of Kramer 
and Tidsall, TidsaU, and Clark and GoUip The results arc as follows — 

Tabie IV 


Calcium — values giveni as mg fcr 100 cc o/ seium 


Nobjial 

b.PECTEn WITH MALAHlA 

Senal number 

Calciom 

j 

Senal number 

j Intensity of infection and treatment if 
any 

Calcium 

31 

1 ! 

[ 12 7 

i 

1 

41 

1 

Parasites 2 grains of quinine intra 

muscularlj given a day previous 

114 

30 

10 4 

45 

882,000 (chiefli sehizonts) per c mm 

10 5 

41 

11 0 

47 

2,016,000 parasites per c mm (niigs, Bclu ' 
zonts and a few gamete's) 

121 

Average 

1 

11 36 

1 

1 

i 

Average j 

11 33 


As no marked difference uas evident in the three cases recorded above the 
investigation was not pursued further 

CJiolestenn -In human rases de Paulo Santos (1916), using a modificatiPn of 
Gregaut s method, found a dummshed cholesterm content in malaria Porak (19181 
foimd hypocholesterffimia as a characteristic of malarial blood and the decre^e m 
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amount pioportionate to tlie giavity of the case Crespm and Zak}^ (1919), in an 
analysis of 30 cases, found that the blood cholesterol fell below normal prior to the 
malarial paroxysm Borcl cl al (192G), also using the method of Gregaut, describe 
hypocholesterincemia m all varieties of malaria 

Technique employed was that described by Myeis and Wardell (1918), oxalated 
blood plasma being used for estimation 

The results are as summarized below — 


Table V 


Cliolesloin — values given as mg per 100 cc of plasma 


Normal 

Ilteoted with malaria 

Serial number 

Cholcstenn 

Serial nmnbor 

Intensity of infection 

Cholestenn. 

29 

119 

30 

1 


88 2 

30 

121 

38 I 



70 0 

30 

133 

38 II 



75 0 

41 

114 

38 ni 



72 0 




For intensity of and treatment 



4') 

120 

41 

please nee Table HI (inorganic ■< 


75 0 




phosphates) 





45 



88 8 



47 

I 


100 0 



48 



85 7 



50 

' 


80 0 

Average 

121 4 

Average 

81 63 


There is a marked decrease in the cholesierm content of the animals infected 
with malaria , it is difficult to say definitely but the most bkely explanation is 
that this hypocholestermmia reflects the degree of ansemia caused by the malarial 
infection 

SUMMAEV. 

1 In monkey malaria no noteworthy changes take place m the blood-sngar, 
non-protem nitrogen or calcium 

2 There is a decrease of cholesterol content m plasma. 

3 No marked mcrease of inorganic phosphates takes place m the imteeated 
infected cases but a distinct rise is evident in the infected animals treated witn 
atebrm, qmnme, etc Its significance is not clear. 
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The action of dnigs on living cells possesses certain unique features Many 
drugs act at extremely lovr concentrations, and the specificity of action observed is 
without parallel m any other science The effect of a drug ultimately reduces itself 
into its activity on bvmg cells The cdl is a highly complex system and possesses 
certain properties, one of which is its electrical charge Moreover, when cells are 
excited, there is a variation in this charge, and on the variation of electrical charc^e 
of tissue-cells of the heart-muscles during its contraction is based electrocardio- 
graphy Though electrocardiography has already proved to be of immense value 
in diagnosis of different cardiac conditions, it is generally known that a knowledt^e 
of the relation between the physiological condition of the tissue-cells of the cardiac 
muscle and some aspects of the records on an electrocardiogram is still indefimte 
Eor example, to take an extreme case, we see that Lewis (1925) ascribes the final 
or T deflection in the electrocardiogram to electric forces generated by the return of 
the ventricular muscle from its active to its resting stage, while Parde'e (1925) consi- 
ders the deformed T wave, found m the electrocardiogram in coronary thrombosis 
and myocardial infarction, to be produced by the ‘ reaction of repair occurring 
around the anamic area ’ 'Wilson, Macleod and Barker (1931) write that in cases 
of m) ocardial infarction, a current of injurj^ is present during diastole and’that the 
final ventricular deflection is not written entirely by the currents produced bv 
recovery but in part by the current employed to neutralize the current of iniurv 
which disappears partly or completely when the injured muscle becomes active 
Thus, it IS clear that the voltage or height of a particular wave in an electrocardio- 
gram IS one of the less-lmown variables, the magmtiide of which depends in an 
MR ( i83 ) 2 
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^lnkno^\ n way on many pli) sico-chcmical and ilic corresponding physiological 
factors 

It IS wellknoiAn that administration of muscle extract to human subjects 
decreases the lilood-piessuie and ne have also seen (see below) that it decreases 
the height of the vaves in an electrocaidiogiam The purpose of the present 
paper is mainly to elucidate some of these obscure points so that we may find out a 
relation between the A'aii.ibles mentioned above 

Experimental details 

The muscle extract was pieparcd following the method of Drury and Szent 
Gyorgi (1929-30), with slight modifications 

The muscles used were the skeletal muscles of a he-goat The extract obtained 
was concentiated hy ev.ipoifition on a w ater-hnth kept nt 45°C to 5D°C Onecc 
of the extract represented 10 grammes of the skeletal muscle and 0 5 c c of this was 
injected intramuscularly into different normal human subjects By preliminary 
experiments it was detci mined that the effect of the extiact on different individuals 
manifests itself about 5 to 10 minutes after injection and disappears completely 
after 20 to 30 minutes So at intervals of 10, 15 and 20 minutes after injection, the 
blood-pressure was measured and electrocardiograms were taken As it was clear 
that there was no fundamental difference in the changes produced in the first, second 
and third lead after administration of the muscle extract, we only recorded the second 
lead, though all the leads were taken before injection to ensure that the subjects 
heart was healthy Two of the typical electrocardiograms (lead 11) are given for 
illustration and the results on blood -pressure as well as those on the voltage of P, 
R, T waves in electrocardiograms of different individuals are tabulated below 
Here f denotes the time interval in minutes after injection and the properties at 
t — 0 represents the values before any muscle extract was administered 


Electrocardiogram I 



Electrocaebiogeam II 








Showing the vanation of blood-pi essui e and voltage toith time 
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Discussion 
(A) General lesiiUs 

F] om an inspection of the results on arterial pressures and electrocardiograms, 
it will be obseived that in almost all cases, except one or two, the voltage 
of P, R, T waves becomes less, simultaneously with a diminution of blood- 
pressure after the mtramusculai injections of muscle extract, and these effects 
are transient, lasting only for 20 to 25 minutes at best The pulse-rate 
IS also diminished and it is most marked at the 15-minute interval This 
bradycardia is due to a prolonged T-P mterval There is, however, no 
change in the P-R mterval — which is rathei surprising in view of the 
results of Drury and Szent Gyorgyi {loc cit ) who have found a prolonged 
P-R interval in guinea-pigs after intravenous injections of extracts from 0 6 g 
of muscle This discrepancy in results might be due (1) to different methods 
of admmistering the extract, (2) to a difference m the subjects chosen, or 
(3) to a different source for obtaining the extracts The slowing of the pulse-rate 
is not observed in patients put on muscle extract treatment in the hospital We 
are therefore of opimon that with therapeutic doses of muscle extract there is no 
organic change m the heart 


(B) Oawse of the depression of wave-amplitudes aftei injections of muscle 

extract 

There is, however, a distmct though short-lived variation in the voltage 
of the waves after injections of muscle extract It is difficult to suggest the 
sigmficance of these changes in physiological terms Of aU the variables in 
an electrocardiogram, this factor, i e , the low or high voltage of wave-amphtude, 
IS least understood , we might go further and say that its relation to a particular 
physiological condition of the heart is not clear, though some authors [see, 
for instance, Speckmann and Rich (1931) , cf also Turner (1932)] have tried 
to associate this condition m human subjects (under no drug) with myocardial 
degeneration After the admmistration of a particular drug, if a condition is 
set up which disappears after a short tune, it must be admitted that the 

change produced is not orgamc It is certam that the amplitude of the 

waves (i e , the voltage) apart from anv physiological meamng, signifies only 
a potential set up within the heart during the process of ccntraction It is just 
possible that a drug can either increase or decrease the potential, so registered, 
by increasing or decreasmg the surface density of electrical charge on the 
cardiac muscle, if we accept the theory of Imuted potential as advanced by 
Lewis (1922) to explain the relation between the contraction of the heart and 
the correspondmg electrocardiogram It appears that some of constituents 
of muscle extract might decrease the negativity of the potential, set up 

during contraction, being adsorbed by the tissue-cells It is evident that this 

adsorption is reversible and therefore when fresh venous blood comes into 
the heart the adsoibed ions are gradually replaced till the tissue-cells regam 
their normal state This men is further supported by the fact that when initially 
the surface density of the charge (i e , the amplitude or voltage of the 
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waves) is lugii, tliere ouglit to be a greater diminution of charge (i.e, the 
amplitude or the voltage of the waves) at a constant time with the same 
concentration of the muscle extiact, due to increased attraction for and conse- 
quent greatei adsorption of the active ions That this is so will be evident 
from the time-voltage and blood-pressure time curves shown in Figures 1 and 2 
(c/ Patients Nos 5 and 7 in the Table) 



Fig 1 


Timo in minutes 
_ Indicates voltage o£ K, 
-B P 



R in milhvolts 


R. N. Chopja, S. G. Chaxid.liv.nj and J C. Gupta. 



Etc 2 

5. Tune w min utes 

- Indicates voltage of E 
B P 

(C) Rehhon heUceen diXmmtwn of the uave-amfhtitile and decrease m 
blood-pressure after injections of nntscle extract — a possible physico- 
chemical explanation of the physiological phenomena 
A fall m Wood-pressure after injection of muscle e'rtract may be due to — 

(1) Stimulation of the vagal mechanism, (2) depression of the sympathetic 
nervc-endmgs m the heart or the peripheral vessels, (3) direct depression of 
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the cardiac muscle, (4) peripheral vaso-dilatation, hy direct action on the 
musculature 

That it IS not due to (1) has been shown by the fact that the fall m blood-pressme 
with muscle extract is obtained even after atropimzation It has also been seen 
that with <v concentrated dose (0 1 c c for a cat of 2 6 kilo) the auricles and the 
ventricles both dilate though there is no change in the force of the heart There 
IS also dilatation of the peripheral blood vessels and slov mg of the pulse-iate Hence 
the fall in the blood-piessuie must be attributed to a direct action on the cardiac 
muscle and the peiipheial blood vessels Thus, it is clear that, if we desire to find 
out a relation between the amplitudes of P, E and T waves (especially of E) in an 
clectrocaidiogram and the oliscrved fall in blood-pressure on a rational basis, we 
have first to explain the dilatation of the blood vessels from the physico-chemical 
point of view and connect the change in the particular set of physico-chemical 
variables (responsible for vaso-dilatation) with the variation of the charge of the 
tissue-cells of the cardiac muscle (responsible foi diminished amplitude of the 
wmves) 

It has alieady been stated that the immediate efiect of administration of muscle 
extract is caidiac- and vaso-dilatation and a consequent diminution in arterial 
pressuie It is therefore appaient that the change in any physico-chemical property, 
if such occurs must be immediate and must therefore take place on the interfaces 
of the blood stream and the endocardium of the heart as well as the intuna of the 
arteries Such a property is the mterfacial tension and it is conceivable that, m 
concentrated doses, the lelease of the tension is sudden and pronounced so that 
there is immediate caidiac- and vaso-dilatation This change in mterfacial 
forces in addition to other factoi s is intimately bound up with a cliange m the 
electric potential of the interface Thus, for instance, Macallum (1912) says 
that the neive impulse is always accompanied by a change in electric potential 
which is initiated by progressive distribution of potassium ions along the course 
of the axon and this change in potential would occur as often as a change of 
tension could take place on the surface of the neive-cells On the basis of 
this hypothesis, anesthesia and narcotism are to be inteipreted as involving a 
reduction in surface tension of all the cells affected but especially of nerve-cells 

Further, it is known that the change m potential at the inteiface (Freundlich— 
potential oi electrokinetic potential) is dependent on the desorption or adsorp- 
tion of ions from or on the surface and it I's also known that dilatation of the arteries 
and the heart is dependent on the elasticity of the cardiac muscle and the aitcriai 
walls It IS therefore necessaiy to understand the efiect of a variation of charge oi 
the tissue-cells (on the endocardium and the intima) on the elasticity of the respec- 
tive tissue-cells If the charge is only affected on the surface, tlien the efiect o 
elasticity (longitudinal) will be partly neuti aimed, if the charge of the cells is lucreasec 
and somewhat augmented when it is diminished, provided, of course, there is no 
change in either the permeability of or the osmotic forces inside tlie cell-membrane 
Now, if it be true that tissue-cells can be stretched, and wull then regain their 
original form, one does not know how much of this effect is due to surface tension, 
and how much to the elastic properties of the cell-membrane and how much if anj 
to the elastic properties of the interior protoplasm (Heilbrunn, 3928 , cf oei riz, 
1924, 1926) Evidently then the elasticity of the tissue-cells or arterial ® , 
muscles, as we know" by its various mamfestations in the human body, is not 
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same as we signify it in pure physics Thus, it is clear that through a change in 
the potential at_the interface, tlie elasticity (lateral at the arterial walls and the 
cardiac muscles), comprising surface forces at the interface of cells and tissue- 
fluids, cohesive forces between the individual cells, and elastic properties of the 
cell-membrane and of interior of the protoplasm, uill be altered Here m this 
particular case of muscle extract, the elasticity (as defined above) is diminished as a 
net effect of the abo\e-mentioned variables, possibly and mainly through a 
reduction in potential at the interface and in charge of the adjoining tissue-cells 
and thus there is a diminution in arterial blood-piessure 

A very significant similarity is also observed between the rate of diminution of 
the potential or electrical charge of a colloid in presence of electrolytes and the 
rate of decrease of blood-pressure with a particular drug (which is known to depress 
the arterial blood-pressure) flTien the initial density of charge of a coUoid is high, 
the diminution in charge is greater for a particular concentration of any electrolyte 
than when the imtial density of charge of the coUoid is low , if the density of charge 
of the colloid is sufficient!}' low to start uith, it cannot be depressed further even 
with oppositely charged polys'alent ions (c/ Mukherjee et al , 1928) The similarity 
IS ob^ lous, for with a particular concentration of an} drug (winch depresses blood- 
pressure), the fall in blood-pressure is greater uhen the initial blood-pressure of the 
subject is high compared to that uhen it is low , and even with a powerfullv actn e 
drug, the blood-pressure cannot be lowered, if it is imtially very low It is therefore 
obvious that the fall in blood-pressure is also related to the electric potential at the 
interface of the blood stream and the endocardium and the iiitima 

Thus, both the diminished blood-pressure and the decreased amplitude of the 
waves are due to a diminution of the electric potential and interfacial tension at 
the ceU-hqmd interface and hence a change m records on an electrocardiogram 
does not always mean a change in inherent properties, both physiological and 
physico-chemical, of the constituent tissue-cells of the cardiac muscle as a whole, but 
may sometimes only indicate alterations of ^ome of these variables at the interface 
of the blood and the cardiac muscles 


SuilMART AKD CONCLUSIONS 

(1) It has been shown that, after about 10 nunutes of admimstration of muscle 
extract mto normal human subjects, there is a diminution of blood-pressure and 
also slowmg of the pulse-rate (10 to 20 nunutes more) 

(2) Electrocardiograms, taken under these conditions, show that there is a 
decrease in the amplitude of the waves P, R, T and that the slowing of the heart- 
rate IS due to a prolonged T-P mteival 

(3) Decrease of amphtudes has been attributed to a decrease of the electrical 
potential of the cardiac muscle during its contraction by the adsorption of some of 
the constituent ions of muscle extract , diminution of blood-pressure has been 
attributed to a decrease in electric potential and interfacial tension at the interface 
intuna-blood causing thereby dilatation of the peripheral blood vessels 

(4) A change in records on an electrocardiogram does not alwavs mean a change 
in inherent properties of the constituent tissue-cells of the cardiac muscle as a whole. 
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but may sometimes only indicate alterations of some of these variables at the inter- 
face of the blood and the cardiac muscles 
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The Indian daboia or Yipera russdhi is ranked T?itb the Indian cobra as one 
of tbe most dreaded snakes of the Orient Eiimg reported that as many as 
20,000 deaths occur every year in India from snake-bite and that the majority of 
these -were produced by the Inte of cobra and daboia The study of the pharma- 
cological action of both these venoms was therefore taken up some tune ago and the 
results obtamed with the venom of the Indian cobra Naia naia vel (ripitdians have 
already been published (Chopra and Chowhan, 1931) 

A perusal o£ tbe hterature shows that there has been considerable doubt regarding the action 
of the viper venom Wall and Cuniungham first studied the physiological action of the venoms 
of both cobra and that of Rus=ells viper and later Calmette and Noguchi worked out the hiemo 
lytic and coagulatmg properties of these venoms Lamb and Hanna (1903) reported that death in case 
of viper bite is produced by extensive intravascular clotting, whde in chrome cases there is a marked 
decrease m the coagulabihty of the blood and extensive hemorrhages in the serous cavities Rogers 
workmg on the ph\ siological action of and the antidotes to colubrme and viperme venoms, 
repotted that death is due to intravascular clotting in the finer blood vessels and when the poi 
sonmg IS slow it is due to circulatory fadure and emboh m tbe lungs 

Of the Indian vipers the important species is Daboia russetln (Dal)oia etegans) It is also called 
‘ Uloo bora ’ (cham viper) in and around Calcutta (Fayrer) and is the same as ‘ Tic polonga of Ceylon 
The Indian daboia is from 3 to 5 feet m length and so far as colours and patterns go it is strikingly 
beautiful The body is hght-brown m colour and of a nch hue Extendmg on either side and through- 
out the entire length there are three rows of large brown rmgs, bordered with white, yellowish or black 
colour, enclosmp dark broivn or even red spots In some species the rings of the back unite and form 
a contmuous chain Like the rest of viperine snakes it has a movable ]aw, canahculated fangs, 
triangular head and a short tail On account of its beautiful and gaudy coat this snake has been 
named Dahoia etegans or Echedna etegans 

RusseU 8 viper is very common in the tbicklv populated parts of Bengal and Assam It is fonnd 
in Rajputana and practically throughout the plains of India In Burma Cevlon, Siam, Sumatra and 
Java it IS frequently seeu It has also been observed in the valleys of Kulu and Kashmir up to an 
altitude of 5 000 to 6,000 feet above sea level, though it is rarely seen elsewhere above an altitude of 
2,000 to 4,000 feet It is generally of qmet and peaceful habits and prowls about at mght m search 
of prey which consists generally of n ice, rats, frogs, bzards, ants, eggs, etc It attacks man m self 
defence and only when provoked When ready to attack it produces a loud hissmg sound which can 
be heard from a distance of 20 to 25 feet 

( 493 ) 
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Vcnoni of Indian dahoia — Mitchell and Ecithcrt showed that the inten^o local irritant 
cJTcct piodiiccd hy the bite of tho a ipcr is due to large quantities of globulin (ns much as 2o per cent) 
present in the Aonoin, the nlbunioscs, uhieli produce innwly iicn'ous symptoms, are present m rerj 
small quantities The anper bite nlunjs lends to local irnfalion, intense pain, with abscess formation 
and gangrene at the site of injeelion of the Aonoin The s^ stcniic clTects are hmmonhagic chusions 
in tho sphmchnics and ascending paralysis in the central ntnotis s\stcm Acton and Knowles (1914) 
showed that daboia venom rontains a hxmorrh'H/in which destroys the endothelial lining of the finer 
blood A csseis and consequenth gives rise to cccIia mosis and extra\asation of blood , ^ cytohjsm winch 
dissohes tho white and red blood corpuscles, a fthnn ferment causing intravascular and extra'^ascular 
clotting lending to pulnionarv embolism and death from asphj \n The venom loses its toxicity to one 
third if it IS mixed and incubated with fonnabn Lamb and Hanna (/oc cd ) showed that by heating a 
0 1 per cent solution of dahoia venom, the protein substances are coagulated and the propertj of intra 
Amscular clotting of the Acnom is completely dcstroAcd Tho blood remains fluid in cases of death 
caused bv dnbom venom, probably on account of the protcolydic action of the venom on the blood 
fibrin Alcohol precipitates the neurotoxic and coagulant substances 


Expebimental 


Toxicity and nnmmmn lethal dose — It ]ias been noted that tlie action of daboia 
venom is not so lapid and potent as that of t]ie cobra venom The daboia venom 
has more or less a localised action giving rise to sevcio irritation and abscess forma- 
tion at the site of inoculation This is attributed to tlie localized clotting of blood 
and fixing of the venom at the site of the bite, thus producing a severe local action 
The toxicity of the daboia venom a\ as a\ oilced out on the following annuals — 


1 Wild rats and house rats (JIhts mvscnlus) A one per cent solution of the venom was 
injected intravenously into the dorsal vein of tail of the common house rat On on average 3 mg 
to 6 mg of the venom hilled tlie annuals weighing 350 g within 2 to 4 hours Before death tho 
lets become restless, and dvspnmic , bicatliing becomes more and more rapid and the animals become 
very weak and unable to move The symptoms are those of profound shock and respiratory failure 

2 Guinea pigs Eight to ten mg of the daboia A-cnom given subcutaneously in animals 
weighing 500 g to COO g produce death in 24 hours The symptoms produced are practically the 
same as in lats 

3 Habhits Two to three mg given subcutaneously' killed tbo animal within 24 hours 
doses such as 5 mg to 10 mg produce death in a few hours, the main SAmptoms bemg those of shoot 
and failure of respiration When a suh lethal dose is giA en, homiatoma, subcutaneous hiemorrhagcs 
and even abscess foimation results at tho site of injection In a few cases hemorrhages ocemrea 
in the vagina 

4 Frogs are able to tolerate as much as 20 mg per 30 g body-w eight This remarkable toler 
ance may possible be due to the pulmooutaneous typo of respiration aaIucIi enables the amphibia o 
excrete the venom quickly and completely 

The lethal dose of the venom when injected subcutaneously is considerablv 
larger than when it is giA'^en intravenously This is due to the fact that the venom 
forms local thrombi m the small blood vessels and therefore its absolution is 

delayed Moreover, tbe action of the venom is localized and the general efifwts arc 

less marked The reason why the lethal doses were mostly worked out hr ic 
subcutaneous and intramuscular routes was that, in nature, the venom is in 



by these routes 

The fatal dose for man has been calculated to be approximately 42 mg ™ 
24 houis It has been found that 7 5 mg of tbe venom were fatal m mon ey 
weighing 25 lolos Lamb estimated that the maximum dose a full giown j 
viper can inject is about 150 mg to 250 mg of the venom at a single bite w i e 
average dose given at a single bite is about 72 mg 

Post mortem examination —Necropsies were done in aU the animals “ and ^ 

jeefced The light side of the heart Avas full of almost black fli^ blood and ^ cAanosed 

ventricle on the left side Awere empty and in a state of systole The lungs Avere collaps 
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and showed petechial hTraorrhages and infarctions The blood vessels and the Mscera were en 
gorged nith venous blood and the peritoneal caaity nas full of sero sangnmous fliud The liver and 
the spleen were generalh congested, and tho kidnej shoued a marked hypcr'emia of the cortical blood 
vessels , there mnv be extras asation of blood in the glomeruli e did not find anv signs of gangrene 
in anj part of the bodv The animals uliich had received sub lethal doses were restless and dyspnoeic 
at first and later became lethargic this u as follow cd bi jiaralvsis of the limbs and acute inflammation 
at the site of injection 


Pharma.cologic\l action 


Cats eiglung bett\ een 2 and 3 kilos were mostly used for experimental work , 
frogs, rats and rabbits were also used where necessary The venom of the Indian 
daboia used in this nork was obtained through the courtesy of the Director of 
Hnffkine Institute, Bombay It was kept m hermetically-sealed ampoules in the 
darlc For experimental purposes a 1 in 1 ,000 solution was prepared by dissolving 
the venom in physiological saline solution Constant and vigorous shaking for some 
time is necessary to dissolye the scales of the venom and a frothy and slightly 
opalescent solution is finally obtained Injections were given intravenously into 
the femoral vein of the anaesthetized animals 

Local action — ^Locally the application of 1 to 2 per cent solution does not 
produce any marked effect on the intnct skin , the mucous membrane, e g , of 
conjunctiva", is irritated and becomes red IMien mjected deeply mto the muscles 
inflammation and even abscess formation may result in 24 to 48 hours 

Action on the digestive system — Our experimental work on cobra venom has 
shown that it is of the nature of an enzyme and the daboia shghtly accelerates 
sahvary digestion of starch in concentrations of 1 in 10,000 to 1 m 20 000 in man 
Diuing the act of deglutition in snakes the secretion from the glands is automatically 
squeezed out and the venom is swallowed along with the food If in a snake the 
venom is removed by milking and the reptile is artificially fed protein digestion is 
very greatly interfered nith 

It is said that a weak degree of immunity can be acquired against the venom 
by feedmg animals with gradually increasing doses of this substance This might 
mean that the venom is absorbed from the alimentary canal It has also been 
stated on the other hand that the venom is destroyed in the large intestines in very 
much the same nay as strophantluu Our experiments show that the venom of 
Russell’s viper is not absorbed from the gastro-mtestinal tract when administered 
by the mouth A number of cats were given 8 to 10 times the lethal dose of venom 
orally without any ill-effects whatever 

Intravenous injections of the venom produce a marked increase in the mtestmal 
volume (Graph, fig 6) On the mtestines in situ and on the isolated pieces of the 
intestme perfused in Dale’s uterine bath, daboia venom in concentrations of 1 m 
300,000 to 1 m 5,000,000 slightly increased the tone and the peristaltic 
movements 


In India snake venom is habitually taken by some people with the idea of 
increasing their resistance against poisons It is also combined with opium and 
other narcotic drugs under the impression that it potentiates them effects, but there 
IS no evidence to support these views 


Action on the respiratory system —Records of mtratracheal respuation and lune 
volume smalUoses of the venom (0 1 mg per kilo) produce a shght increase in the 
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frequency and amplitude of the lespiratory movements With larger doses (0 2 mg 
to 0 3 mg per Jcilo) the respirator}'' movements become irregular and spasmodic, 
sometimes followed by complete cessation and convulsions A small dose of 
adrenalin at tins stage raises the blood-pressure to its normal level and the 
rcspiratoiy distress is relieved immediately 

The effect on the respiratory centre was investigated by isolating a strip of the 
diaphragm and connecting it to a WTiting lever through a system of pulleys according 
to the technique described by Thomas and Frank The blood sujiply of this strip 
IS almost entirely cut off and any impulses that come from the respiratory centre 
must come through the phrenic nerves only Intravenous injections of the venom 
m sucli animals produced a slight increase in the tone, and stimulation of the 
automatic movements followed by twitchmgs and relaxation of the strip (Graph, 
fig 4) This indicates that there is a slight initial stimulation of the respiratory 
centre, probably due to anmmia of the medulla as a result of fall of blood-pressure 
The centre then tries to send extraoidinary tiansitorj’- impulses to all the accessory 
muscles to revive the lespiratory mechanism The fact that admimstration of 
adrenalin improves the respiration show's that the venom does not have any direct 
action on the lespiratory centre and in this w'ay it cliffeis from cobra venom 
Chopra and Ishwariah (1931) have given ample experimental proof that the mam 
action of cobra venom in lethal and sub-lethal doses m animals is on the respiratory 
centre, the effect being one of an initial stimulation followed by paralysis Death 
with cobra venom occurs from respiratory failure, while with viper venom the mam 
cause IS circulatory failure 

The pulmonary pressure is definitely increased after an intravenous injection 
of the venom in doses of 0 1 mg to 0 2 mg Another interesting fact observed 
IS that rapid coagulation of blood in the cannula in the pulmonary arterj', which is 
often an annoying factor in experiments, was never met with aitei injection of 
the venom, thus showmg that the coagulability is reduced by these injections 

Uterus — Intravenous injections of 0 1 mg to 0 3 mg have little effect on the 
movements of the virgin uterus of the cat in situ or isolated uterus in a Dale’s hath 

Action on the ciiculatoiy system — ^As death after daboia-bite is mainly to be 
ascribed to circulatory failure, the action of the venom on this system was studied 
in some detail 


Blood-pi essure.. — The systemic blood-pressure is dependent upon the total 
quantity of blood circulating in the body, the work done by the heart and the condi- 
tion of the peripheral blood vessels The vascular areas of the viscera, skin, muscles 
and brain play an important part in regulating the blood-pressure and equilibrium 
IS maintained by contraction and relaxation of the arteries, arterioles, capillaries 
and veins If this balance is in any way disturbed the blood accumulates mtlie 
heart or in the blood vessels and capillaries The blood-pressure recorded bv a 
manometer is merely the sura total of the physiological balance of all the above 


factors and varies with their antagonistic or additive action 

In our experiments it was noted that a small dose of the venom (0 5 mg to 
0 1 mg ), injected intravenously into a cat weighing 2 kilos, produced a slight im i 
rise of blood-pressuie followed by a gradual fall amounting from 20 i^ to 3 
of mercury The cuive however gradually returned to normal in about oU ® , 

seconds With larger doses (0 2 mg to 0 5 mg ) the fall was more pronounce 
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comparatn ''Iv rapid, the blood-prcssiire remaining permanently at a lower level 
thin the normal (Graph, figs 2, 6 and 6) Rapid admimstration of large doses 
produeed a sudden fall of blood-pressure and the animal may die suddenly of ron- 
vulsions and heart-failure If the dose of the venom is gradually increased, it is 
obsen ed that the animals develop a sort of tolerance to it When once the blood- 
pressure has reached its lowest level aftei a close of the venom, further administra- 
tion of much larger doses does not produce an} effect on the blood-pressure In 
case of animals hamig an initially low blood-pressure, the response to the venom 
is not so marked and the fall is comparati i ely small (Graph, figs 1, 3 and 4) 

Similar results were obtained in ammals whose brain and spinal cord were 
destroyed showing that the cerebral and medullary centres play a minor part in 
the production of the fall Paralysis of the sympathetic and vagal nerve-endmgs 
wath ergotoxin and atropine docs not alter the fall in blood-pressure after adminis- 
tration of the venom ^^’hen the blood-pressure is low, large doses of normal saline 
infused intravenously or a small dose of adrenalin raise the blood-pressure to its 
normal level 

We are able to confirm the observations made by Ishwariah and David (1932) 
that no fall m blood-pressure is produced after histamine After 2 mg to 3 mg of 
histamine when the blood-pressure has reached its lowest level daboia venom does 
not lower the blood-pressure at all below the level at which it stands It can also 
be shown that after large doses of daboia venom histamine does not produce its 
usual effect on the blood-pressure 

It would appear from this that the venom has a local and paralysing action on 
the vessels closely resembling that of histamine Once the capillaries are paralysed 
to their fullest eirtent they fail to respond to these substances any more Injections 
of adrenabn or transfusion of large quantities of normal saline, which increase the 
volume of the ciiculating blood and thus fill the heart better, would raise the 
blood-pressure and thus give a better chance of recovery from the effects of the 
venom 

The heart — In the cat, the volume of the heart as measured by a cardiometer, 
shows a shght and transient increase (dilatation) The myocardiographic tracings 
(Graph, fig 3) show that the heart becomes slow, and the amplitude of the beats of 
both the auricles and the ventricles is decreased If large doses are given (0 2 mg 
to 0 5 mg ) the heart becomes irregular and finally the auricles and ventricles stop 
in diastole Sometimes the heart becomes irregular and continues to beat inter- 
mittently for a long time 

On the frog’s heart, when the biain and spinal cord haim been destroyed, the 
application of the venom m concentrations of 1 in 10,000 produces little or no effect 
On the isolated heart of the cat, perfused with Rmger-Locke solution at pH 7 2, the 
venom in concentrations of 1 m 1,000,000 and 1 m 500,000 produced practically 
no effect , concentrations of 1 in 100,000 to 1 in 50,000 shghtly depressed and reduced 
the amplitude of the beats StiU higher concentrations such as 1 m 50,000 to 1 
in 10,000 made the isolated heart of both rabbits and cats irregular and intermittent 
concentrations such as 1 in 2,000 to 1 in 1,000 produce a rapid depression of the heart 
which finally comes to a standstill 

It would appear from these experiments that daboia venom has no marked 
duect effect either on the myocardium or on the nervous apparatus of the heart 
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AVhatever effect is jiioduccd is due to tlie cliange.s biouglit about on thevascular 
system 

Volumes of visceial ogans — TJie cause of fajl of blood-pressure and the situa- 
tion ivlieie the blood accumulates wlien tlie blood-pressure falls, were next investi 
gated The volume of the intestines is markedly increased when the blood-pressure 
falls (Graph, fig 6) The limb volume shows no marked changes while the decrease 
in the kidney and spleen volume runs parallel with the fall in the blood-pressure to 
begin with (Giaph, figs 2 and 5) 

The fall of blood-pressure and its maintenance at a lower level after a nunmium 
lethal dose of daboia venom has been administered, according to some workers, is 
due to enfeeblcment of the intestinal musculature Extensive haemorrhages occur 
due to injury of the endothelial cells of the blood vessels and due to non-coagulahihty 
of the blood, both of which lead to exudation of blood into the tissues Acton and 
Knowles (1914) shoved that death in case of viper venom was due to cardiac failure 
and later from multiple haemorrhages The post-mortem examination of animals 
who were given fatal doses of the ^enom in our experiments showed extensive 
engorgement of the abdominal viscera and the presence of sero-sangumous fluid m 
the peritoneal cavity was a constant factor That the blood accumulates in the 
abdominal viscera has been shown by the fact that m animals which have been 
completely eviscerated injections of the'^venom'producecl little or no fall of blood- 
pressure 

The part played by the blood vessels in the fall of blood-pressure was further 
investigated 

Action on the blood vessels — With a view to studying the direct effect of the 
venom on the involuntary muscle of the blood vessels, frogs ivcre perfused according 
to Trendelenburg’s technrque 

A frog was pithed and fixed on the frog board and after opening the abdomen and chest a very 
fine cannula was passed into the arch of the aoila before its blanching This cannula was comipcted 
by a rubber tubing to a Mariotto bottle filled with frog’s saline solution (0 7 per cent) and the y 
the fiow was regulated by a screw clamp fixed on to the tubing The hlunotte bottle was closed with 
a rubber stopper contaimng a long glass tube going to the bottom of the fluid so that the air biibWcs 
entering the fluid kept it properly oxygenated and maintained a constant level of the pressure 
number of bubbles entering the bottle in a fixed time gave an estimate of the discharge of the lima 
The mfeiior vena cava was cut across to form an outlet for the venous blood The legs of 

were crossed and vere so arranged that v hen the frog was hung veitically, all the perfused tlmo 
trickled at one point only The number of bubbles per 30 seconds recorded when different do'cs 

of the venom were perfused *^liough the general circulation shov ed a defimte constnction of the uloQ 
vessels 

In warm blooded animals similar experiments were performed by perfusine the blood vessel o 
a limb or the mesenteric vessels Cats were aiimstheti/ed with chloralose and fine cannulie v ere nx 
into the femoral vem and artery of one of the limbs The cannula in the artery vas conneotea u 
the Mariotte’s bottle containing warm Ringer’s fluid with a little defibrinated blood The , 
of drops emerging from the femoral vein were counted per 30 seconds Previous to perfusion o 
limb, care was taken to exclude every possible means of collateral circulation by ligaturing msi 
abdomen the common iliac artery going to that limb Tn the case of the mesenteric blood vesse , 
of the mam branches of the superior mesenteric artery and its corresponding vein vere , 
a fine glass cannula passed mto each of them The collateial circulation to this mesentenc a , 
carefully occluded by tying all the vessels communicating with this arch The 
vessels were perfused with Rmaer Locke solution which was oxygenated and kept ' 

ture The inflow of the bubbles and the outlet of drops of fluid were counted per 30 seco 

A perusal of Tables I and II will show that the vessels of the limb etc 
definitely constricted, while those of the splanchnic area are slightly dilated, v > 
perfused with different concentrations of the venom 
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Cat No II ] > IS 41 bubbles Average number of bubbles m 

30 seconds 
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Pei fusion of ailenoJes — TJie action of tlie venom on arterioles was also studied 

Tlio superior luoscntoncnrtcry^^ ns perfu'ted in tho usual manner, but the attachments of the 
mesentery' A\ith the intestines neic severed by cutting nil along the intestinal and mesenteric lunefion 
In tins -wav the solution flowed through tho mesenteric artery, its branches and artenoica and oozed 
out before it passed into the capillaries and veins Tho effect of the drug on the ailcnes and its fine 
branches, e-^cluding the capillaries, w as thus obtained The venom was injeeted into the rubber tubes 
loading fiom the Manotto bottle to the artery and tho readings were always taken about a minute 
after the administration of the drag so as to give sufficient time for the venom to act 


There is a distinct reduction of the fluid showing that the arterioles are con- 
tracted undei the effect of dahoia venom 


Action on the capillaiies — The toxic action of the venom on the vessels is not 
only confined to the arteiioles, hut also extends to the capillaries though in an 
opposite way Such also is the case with poisonous bases and toxins produced by 
bacteria, etc The capillaiies of the splanchnic area appear to show a predilection 
to these effects and hyperaemia and escape of blood from the gut vessels by leakage 
from the capillary wall is very marked 

It has been claimed by some that the branched cells, known as Rouget’s cells, 
placed immediately outside the capillary wall have the power of altering the lumen 
of the capillaries This has been denied by others and contractile power of the 
endothelial cells themselves is said to he responsible for their dilatation and contrac 
tion It IS quite possible that the endothelial cells stretch during acute dilatation 
of the capillaries and leakage of the plasma may occur in this way In whatever 
way tins may occur there is no doubt that the cause of shock is dilatation of capil- 
laries by which ‘ the animal may be said to bleed into its own dilated capillaries ’ 
An examination of the frog’s web shows liow large is the numbei of capillaries 
there as compared with the arterioles and how much more blood is contained 
in them Lister, Langley and Krogh showed that under ordrnary conditions 
the whole of the capillaries of a particular region are not filled with blood 
Some of these are empty and apparently in a contracted condition More capilla- 
ries come into evidence and become filled with blood if there is comparatively higlmr 
blood-pressure in the arterioles as, for example, after exercise Dale and Richardson 
have experimentally demonstrated that histamine produces a profound fall oi 
blood-pressure by dilatation of the capillaries of the splanchnic area and not oi 
the aiteries or arterioles In the case of dahoia venom we have been able to 
demonstrate that the fall is due to dilatation of the capillaries although the 
arterioles are actually contracted 


The relation between arterioles and capillaries is twofold Firstly, tbongb some of the “'‘P’ 
supplied by an arteriole may become constricted, others may not Secondh , the artenoie ro 
constricted, while the capillaries may he wndely dilated, and vice versa The stndv of the action o ° 

on the size of capillaries by means of the perfusion method is very difficult Tho ordinary tee 
of perfusion of the vessels gives a record of tho condition of the arteries, vems and artenoies o 
not of the cainllaries The perfusion of the systemic vessels and arterioles with , 
ever, shows that the vessels aie either shghtty constneted or are not affected at all ^ ® , orcssurc 
observed that after large doses of histamine dahoia venom has no effect on the stances 
and vice versa There would thus appear to be a great similarity m the action of these tw 
The action of the venom on the capillaries, honever, is difficult to demonstrate -..pg -n-jib 

experiments We therefore devised the direct method of measunng the size of the cap ^ ^ 
the help of a micrometer scale in a microscope Krogh shou ed that the yhder ^ -pod 

tongue, bladder and omentum, the pancreas of the rabbit and tho tail of the tadpole, , 
subjects for study of the capillary circulation When properly prepared, they appea U 
parent under the microscope and the blood is clearly seen circulating through n " ppgnng 
capillaries One can watch the capillancs disappearing after exposure for do imd" 

after some period Our studies in this laboratory were mostly based on observnt o 
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surface of the frog’s tongue and bladder and some espcnments were also done on the capdlanes of the 
rabbit’s mesentery 

Technique — In a shallow Petri dish the paraffin wax is plated, and a semi circular hole is cut 
throuuh the wax in the centre of the dish The nicsenteri of an an-esthetized rabbit is gentlj 
stretched over this hole and fixed with pins A pledget of cotton nool soaked in normal saline is 
put on tlie edge of the hole m contact niththo under surface of the aiesenterj to keep it moist 
This preparation is placed on the stage of a binocular microscope and the finer vessels of this 
membrane are focused upon it One eve piece of the microscope is fitted nith a micrometer 
which can measure up to lOjf The a essels visible in the field are sketched on a paper and one 
of the vessels is focused under the imcromctcr so that anv changes m its shape and sire can be 
measured At this stage if a light soiatch is made uith a fine needle or a feather one or more 
capillaries vnll reappear upon the surface and the circulation in them is re estabbshed Anj changes 
in fheir size can non be easih observed The venom is applied locall\ to the mcsenteri and the 
changes m the vessels carofulK observed 

The efiects were compared with such drugs as caffeine 1 m 10,000, histamine 
1 m 10,000, adrenalin 1 m 10,000, urethane 1 m 10,000, digitalis, etc Daboia 
venom like histamine produces a distmct and well-marked dilatation of the vessels 
while digitalis and adrenalm constricted them 

Ca 2 )tlhry peimcabihly — It has been shonn that the capillary walls are very 
thm and consist of only a smgle layer of endothelial cells well adapted to allow a 
ready diffusion of substances throush it Water and non-colloid constituents pass 
through readily while colloids and proteins go through slowly Krogh devised 
a method of studying the fractional osmotic pressure of the blood which enables an 
estimation to be made of the relative proportions of colloid particles of large and 
small size The smaller the size of protein particles the greater is their diffusibility 
Another important factor m this connection is that the permeability is increased 
under circumstances where an acute dilatation of the capillaries occurs and this 
may result in oedema of the tissues Dale and Laidlaw (1919) showed that when a 
dose of histamme was given to a cat there was a rapid concentration of the blood and 
this was ascribed to the mcreased rate of the capillary leakage The numbei of 
red blood ceUs and hremoglobin percentage is increased In case of rabbits and 
cats treared with viper venom it was obseived that there was a distinct increase 
m the red blood cells and a slight decrease in the white blood corpuscles These 
effects were particularly marked in cats The polycythtemia produced is not due 
to excessive red blood cell formation but due to excessive leakage of the blood 
plasma and a consequent concentration of the blood AITien the capillaries are 
widely dilated and are m a highly permeable condition the outuard passase of the 
fluid from the capillaries and rapid increase in the number of red blood cells can be 
watched under the microscope The red blood corpuscles are seen to collect in 
masses and block up the capillaries causing stasis in the flow The reverse occurs 
when water is being retamed m the capillaries These effects can be demonstrated 
on the surface of the frog’s tongue after appbcation of viper venom 

Lewis (1927) showed that pituitrin increases the tone of the capillaries and 
restores the blood-pressure in a cat which has been brought to a condition of profound 
vascular shock by admimstration of histamine Dale produced evidence in fa\ our 
of the view that adrenalin is normally responsible for this upkeep of the capillary 
tone Histamine and adrenalm are physiologically antagonistic Administration 
of adrenalm has been shown to overcome such shock by holding this olmaimia m 
abeyance Adrenalm keeps up the tone of the capillaries and prevents capillarj 
leakage It keeps up the adequate amount of plasma m the blood in this uay 
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avoiding loalcagc and conbcquent sLock Both adienalin and pituitrin produce 
similai reviving cftects in oxpeiiinental poisoning with dahoia venom showing tliat 
capillaiy paral}sis is responsible foi excessive loss of flmd from the vascular 
system 

Action on the blood — Fontana thought that after viper-bite the blood becomes 
haamolysed and the heart and the laigc vessels are found full of dark fluid blood 
Others consider that the blood coagulates at once when it comes in contact with 
the venom but is liquefied latex on Weir Mitchell considered that death occurs 
so rapidly after the bite that the blood has no time to become modified by the 
venom It has been obscivcd that the venom has hcemolytic constituents in the 
form of a fibrin ferment which is probably globulin m nature This is responsible 
fox the action produced on the red blood corpuscles, the leucocytes and the endothe- 
lium of the blood vessels In our own experimental woik on animals the blood 
remained fluid after death fxom daboia venom though the contrary has been reported 
by many observers 

Hceniolysis — Flexnex and Noguchi believed that the erythrocytes are hasmo- 
l 5 '-sed by the venom only if they are not properly washed The haemolysis produced 
IS due to the susceptibilitv of the red blood corpuscles which are insiifiiciently washed 
Kyes (1910) showed that wmshing of the blood does not afiect haemolysis and that 
cobra venom does not dissolve the led cells of many species of animals The 
property of producing Ifiemolysis is not possessed only b)' the cobra venom but is 
present in case of snake venoms geiierallv He tested 3 0 diflerent species of venoms 
and showed that these have lytic action on the corpuscles of one or more species of 
animals and that the daboia venom haemolysed only human and guinea-pig blood 
The same author further showed that the haemolysmg property of the venom can be 
activated by the presence of lecithin or substances containmg lecithin such as bile 
hot milk, cephalin, etc Ox’s blood, for example, w^hich wms not hasmolysed by 
daboia venom or cobia venom became luemolysed at once when lecitbm (0 0035 mg 
pel c c ) was added Cholesterin acts in an antagonistic manner to lecithm, and its 
presence in the blood prevents hsemotysis It would appear tbat^bloods whicn 
are hsemolysed contain excessive quantities of lecithm in the stioma 

We worked chiefly with human lilood To 5 c c of normal saline 1 c c of 
blood was added, gently mixed and then centrifugalized at 2,000 revolutions 
per minute, when the blood corpuscles settled to the bottom of the tube Tliey 
were washed again with noimal sabne two or three times A one per cen 
solution of the blood corpuscles was prepared and equal volumes of the suspension 
and of the venom solution mixed to make the final dilutions of 1 m 10,000, 1 m 
20,000, etc The mixture was kept at room temperature and the results rea 
after 24 hours Human blood was readily haemolysed m concentrations of 1 i 
10,000 or more 

Coagulability of blood , — It is still open to question whether the 
produces coagulation or haemolysis of the blood It has been suggested 
blood clots before death but the venom has a proteolytic action on fibrin an 
produces a bquefaction of the blood again It has also been said that pro 5 , 
action manifests itself even in very small doses and that the compact c o ® 
soon becomes soft and is then re-dissolved completely The daboia venom 
last in the range of coagulation 
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Wc have tested the coagulation time of the blood in dogs and rabbits after 
administration of dabon a enom The capillarj tube method v as used Pme glass 
capillaiy tubing 0 5 millimetre in diameter and about 10 cm in length was used 
A rabbit’s ear u as shaved clean and one of the marginal vems was pricked, and when 
a big drop of the blood appeared one end of the capillary tube was dipped into it 
The blood runs mto the tube by capillary action If the free end of the capiUary 
tube IS kept at a lower level almost the whole of the tube can be easily filled The 
exact tmie when the blood is allowed to run mto the capillary tube is observed by a 
stop-watch After uaitmg for 1 to 2 mmutes a centimetre of the capillary tube is 
snapped gently at the end distal to uhere the blood was allowed to run m The 
tube lb thus snapped at intervals of evcry^ 15 seconds and when a fine thread of 
fibrin clot is seen on brealaiig the tube, the tune is recorded This gives the normal 
coagulation tune of the animal Incieasmg sub-lethal doses of the venom were 
then mjected subcutaneously and the coagulation tune studied half an hour after 
each injection 

A reference to Table III shows that the coagulation tune is distinctly mcreased 
after an mjection of the daboia venom m sub-lethal doses If, on the next day, a 
larger dose of the venom is given the coagulation tune is stdl further increased 
After the third dose the blood does uot coagulate at all and remains flmd for a long 
tune A drop of this blood when exarmned under the microscope shows no changes 
m the corpuscles E^ery tune the rabbit’s eai is pricked after admimstration 
of the 1 enom an mcreased tendency to haemorrhage is observed and it often becomes 
difficult to stop the oozmg and a haematoma may form at the site of the prick 
One rabbit died of haemorrhage after administration of the venom for the bleedmg 
could not be stopped after prickmg the ear 

Table III 
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Vmiahon m the blood count afto venom poisomng 

Dalezenne noticed that all substances winch reduce the coagulability of 
the blood dissolve the white blood corpuscles, setting free coagulant and anti 
coagulant substances, the foimci being retained by the liver while the latter remains 
in the blood and keeps it fluid He further observed that venom in low concentra- 
tions disintegrates the vhite blood coipuscles but the led blood corpuscles are 
injured to a lesser extent In higher concentrations the venom is destructive both 
to the red and white blood corpuscles It slioiild be remembered, however, that 
tremendous changes w'ould occur in the counts of the peripheral blood owing to 
ex'tensive leakage of the plasma and coipuscles from the capillaries of internal 
organs caused by the venom 

AVhile the coagulation time rvas being tested in animals the total red and the 
white blood cell counts were also made It was observed that there is no definite 
dcciease in the white cells The red cell count fluctuates, but there is an 
undoubted tendency towaids inciease of both the erythroc’jdes and leucocytes. 

In previous papers (Chopra and Chowhan, 1931, 1932a, 1932&, Chopra 
and Ishwaiiah, 1931) wdule -norking on the action of venoms on unicellular 
organisms, the present authors showed that the mode of action in the case 
of the Indian cobia (Nato nam) and the Indian daboia (F msselht) is entirely 
difierent While the former acts on the indimcntaiy neuromotor apparatus in 
Paramcecium candaium, the latter venom has an entirely selective action on the 
endothelial cells of the vascular sj’stem Since the unicellular orgamsms have no 
formed vascular system the paramoecia escape the toxic effect of the viper venom 
while it IS very vulnerable to the action of cobra poison Our investigations recorded 
in this paper show that the viper venom acts on the endothelial layers of the blood 
vessels and particularly has a selective action on the walls of capillaries only 


)SUMWABY AND CONCLUSIONS 

In case of viper venom the hiemoiihagic phenomena appear at the outset of the 
poisoning and are very extensive in character Death is preceded by spasmodic 
and irregular respiration, convulsions and asphyxia indicating the involvement 
of the vagal centre owing to deficient blood supply In all post-mortem exammn- 
tions lecoided, the lungs show symptoms of asphyxia, petechial haemorrhages and 
infarction The right side of the heart is full of dark blood and the left side is empty 
and tonically contracted In fiogs the venom produces less harmful efiects iu 
animals died of daboia poison the kidneys show inflammation, mottling of the cortex, 
hsemorrhages, etc The serous cavities such as the pericardium, peritomum, pleura, 
etc , are full of sangumous fluid, probably produced by injury to the delicate en o 
thelial cells of the capillaiies leading to excessive leakage of the blood into the tissue 
spaces and the seious cavities 

Daboia venom has a marked tendency to produce thrombosis and gangrene at 
the site of the bite and death is due to secondary'’ shock The systemic blood 
especially the peiipheral ones, aie found to be contracted and f^^ose ^ 
splanchnic area are widely dilated as m histamine shock 
centres are not much afiected is shown by the fact that in decerebrated a < 
exactly the same results are produced The fall of blood-pressure c 
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overcome by warmth, pitmtrm, adrenalm and large doses of saline, either by 
constricting the vessels or increasing the total quantity of the blood This 
clearly shows that the fall of blood-pressme is neither central nor cardiac in 
origin If, however, the action is prolonged these measures are of no avail smce 
the normal relative penneabdity of the vessel walls to the protem constituents 
of the blood is lost The capillary leakage goes on to such an extent that anything 
injected leaks out of the vessels 

The symptoms of shock in daboia poisonmg are not due to reflex impulses but 
are due to the local dilatation of the capillaries of the splanchnic area There is 
enormous engorgement of the abdominal viscera and that the collapse goes hand m 
hand with hyperaimia of the splanchmc area {chiefly the gut) is shown by the fact 
that if the mesenteric arteries are clamped, quite large doses of the venom do not 
produce any marked effect in the blood-pressure 

The paraljdic action of the venom seems to be confined to the capillaries only 
In the perfusion experiment it was observed that the vems and arteries are not 
dilated, on the other hand they show a tendency to constrict The paralytic action 
of the venom on the capillaries was observed to be similar to that of histamme since 
the venom does not give any fall of blood-pressure after large doses of histamme and 
vice versa Drugs hke ether and chloroform which depress the capillaries, poten- 
tiate the action of the venom Under the microscope, fine capillaries of the frog’s 
omentum were seen to dilate widely when exposed to the action of daboia venom 
Adrenalin and pitmtrm, which tone up the capillaries and glucose, gelatine and 
gum-sahne, which increase the total volume and the viscositv of the blood, tend to 
revive the blood-pressure The haimorrhagic tendency and enormous leakage of the 
plasma from the capillaries is further supported by the fact that the coagulation 
time is increased and the red ceU count is also mcreased after large doses of the 
venom From the above data we are justified m concludmg that the venom has 
a paralytic action on the capillaries which mcreases the leakage, thus producing 
symptoms similar to that of shock Death is secondary to shock and life can be 
saved if the shock can be overcome early 

Drugs like adrenalm and pitmtrm which mcrease the tone of capillaries, 
glucose and gum salme which increase the total volume of circulatmg flmds, and 
cholesterm which prevents the haemolysis of blood, are probably the favourable 
ones in the treatment of viper venom poisomng 
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Alangium lamarhii, also kno-wn as A hexapetaluin (Roxb ), A decapetalwn 
(Lam), and A fomenfosa, is a small deciduous shrub belonging to the N 0 Comacea 
It grows iTidely in the tropical forests of Southern India and Bunna In vernacular 
it is called anhila (Sanskrit) , al ola-dhera (Hindi) , aharlan^a or baghan-lura 
(Bengali) , onlh. (Gu]rati) and alangt or anholcfmchetlu in Tamil and Telugu The 
plant has alternate, petiolated, entue and three-veined leaves, and silky-white 
flowers The fruit is like berries covered with a disc having an elongated calyx 
The root is vellow m colour and has a closely grained texture The bark has a 
cinnamon-brown colour, is corky in nature, and has a bitter taste 

The root-bark of this plant has long been used by the Hindu physicians as an 
alterative and emetic In Sanskrit it is also called Gupta-sneha (the one of which 
the oil is hidden) and in the ‘ Nighantas ’ it is described as a bitter mucilaginous 
pungent drug which expels phlegm It has been especially recommended in leprosy 
and syphilis and other skin diseases According to Mohideen Sheriff (IVatt, 1899) 
the drug, when administered in doses of 50 grains, acts as an emetic, while in 2 to 
5 grain doses it acts as a diaphoretic and anti-pjnetic He further suggested that 
it could be safely used as a substitute for ipecaeuanha Dymock (1891) reports 
that an extract made from the root-bark is said to act as an anthelmintic and as a 
laxative, a decoction prepared fiom the bark and mixed vith ghee is used in the 
treatment of «nake-bite and rabies The root-bark forms a sootliing application 
for rheumatic joints The fruit is bebeved to possess nutritive and anti-tubercular 
pioperties and is used in the treatment of plithisis It is also a laxative and is 
used agamst mternal pdes 


( 507 ) 
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Chemical compobition 

A systematic aud tlioiough chemical analysis of the plant appeals not to have 
been made AVith a view to study in detail the chemical composition and pliama- 
cological action of this reputed diug the piesent investigation was taken in hand 
Several assays of the air-dried and poudeied (60 mesh) root-bark obtained from 
different sources weie made in the Department of Chemistry, and on the average 
showed the presence of 0 8 per cent alkaloidal base For a systematic examination 
of the drug 50 g of the powdeied balk weie extracted successively m a Soxhlet 
apparatus with petroleum ether (B P 35°C -60°C ), ether (absolute), chloroform, 
absolute alcohol, 70 per cent alcohol and finally with water The organic solvents 
weie removed fiom each extract and the residues weighed Petroleum ether 
extracted 0 39 per cent, ether 0 67 pei cent, chloroform 0 63 per cent, absolute 
alcohol 3 6 per cent, 70 per cent alcohol 2 74 per cent, and water 2 43 per cent of 
the dry bark In addition to alkaloidal base, some resins, fatty oils, tannins and 
potassium salts weie found to be piesent 

Isolation and pui ification of the allnloul — Two maunds of the air-dried hark 
was coarsely crushed and extracted in the cold with 92 per cent alcohol and the 
solvent lemoved undei reduced pressure The residue weiglung 7 lb 8 oz was 
repeatedly treated with hydrochloric acid till completely exhausted The solution 
was neutralized with 10 per cent sodium carbonate solution and a resinous precipitate, 
at the neutral point, was filteied and wmshed with a little water The alkaloid 
was dissolved in 1 per cent hydrochloric acid solution, again neutralized and the 
precipitate at the neutral point separated From the filtrate, the base was liberated 
with sodium carbonate solution and taken in chloroform The base wms extracted 
from chloroform with 1 per cent hydrochloric acid and again taken m chloroform 
The solvent was dried over anhydrous sodium sulphate and the solvent removed 
The dry alkaloid was extracted with warm benzene which removed the ma]or 
portion of the highly colouied matter The base was dissolved in the smallest 
quantity of chloroform and fractionally precipitated with petroleum ether The 
precipitate at the second fraction, lemon-yellow in colour, was collected for further 
purification 

The coloured base was dissolved in 1 per cent hydrochloric acid and was partially 
precipitated with addition of salt The solution was made alkaline with sodium 
bicarbonate solution, the base wms taken in ether, the solvent removed and the base 
was obtained as a lemon-yellow amorphous powAer, M P 80°C -82°C Its optica 
rotation was [aJD^s® — — 34 0° in chloroform The name ‘ Alangin ’ has been 
suggested for this alkaloid 

The basic property of the alkaloid is not veiy strong It is soluble m most of 
the organic solvents, such as alcohol, benzene, chloroform, ether, acetone, ace ic 
ether and fairly soluble in water It is insoluble in petroleum ether It gives 
positive test with Mayer’s, Kraut’s and Sonnenschein’s reagents 
to prepare crystalbne salts with this alkaloid proved unsuccessral i 
hydrochloride of the base was prepared by passing dry hydrochloric acid gas m 
solution of the base in benzene 

Local action —The hydrochloride salt of this alkaloid is readily soluble in 
and when dissolved in normal sahne in concentration of 1 per cent, it ^ d 

yeUowish-brown solution which is odourless aud has an intensely bitter 
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Applied locally to tlie intact skm it does not produce any signs of irritation or 
inflammation A 2 per cent solution of^tliis alkaloid instilled into the conjuncti-val 
sac of a cat or rabbit produced signs of a mdd irritation in a short time 'Within 
24 hours the eyes get congested, cedematous and full of secretion There -was no 
anaesthesia of the cornea and the pupdlarje reflexes ivere not afiected When 
injected subcutaneously, the drug is not irritant and produces no marked signs of 
inflammation When injected deep into the muscles the alkaloid is readily absorbed 
leaving no trace at the sight of mjection after six hours 

Action on umcelhihr organism — Chopra and Chovhan (1931) have observed 
that whenever Paramoecium candalum comes m contact with any poisonous or 
irritant substances, it shows the usual ‘ avoiding reaction ’ movements and there 
IS a change m their co-ordination and power of swimming Similar efiects were 
observed whenever a fresh culture of the paramoecium was mixed with a solution 
of the alkaloid m concentration of 1 in 10,000 to 1 m 8,000 With still higher 
concentrations, e g , 1 in 2,000 and more, there was immediate cessation of move- 
ments and death The aUcaloid is not very toxic to these ciliates 

Action on the alimentary systan — As has been already referred to, Alangium 
lainarlii has been used as a substitute for ipecacuanha In our experiments it was 
observed that whenever a cat was fed with doses of 60 mg to 120 mg of the alkaloid 
through a stomach tube, there was a marked increase in the flow of thick and glauy 
sahva m about 15 to 20 minutes, followed later on by nausea and occasional vonutmg 
With larger doses consciousness was lost and death siipenened m a short tune 

The effect on the peristaltic movements of the intestines was studied by means 
of Jackson’s enterograph in cats, anaesthetized with chloralose Five to ten mg 
of the drug injected intravenously, produced a well-marked increase in the tone and 
peristaltic movements This is apparently a vagal efi’ect as the extra tone is 
abobshed by previous atropmization The contractions of the gall-bladder are 
also stimulated 

Action on the respiratory system — ^The action of the drug on the respiratory 
mechamsm was determuied iiy studymg its effect on the tracheal respiration and 
intra-pleural pressure Urethane anaesthesia, sometimes supplemented with ether, 
was used With 2 mg to 4 mg of the alkaloid the rate and the amphtude of the 
respiratory movements were increased while with larger doses, such as 6 mg to 
8 mg , the initial stimidatiou was followed immediately by an irregular and spasmodic 
type of breathing These effects w^ere reheveJ both by the section of the vagi or 
by gumg small doses of atropine The respiratory centre has therefore some part 
to play m this stimulation Injections of 2 mg to 4 mg of the drug produced a 
slight dilatation of the bronchi, but larger doses showed a decrease in the volume 
mdicatmg contraction of the bronchioles and respiratory irregularities The transi- 
tory dilatation produced is due to the stimulation of the respiratory centre and 
the decrease which follows is due to bronchial constriction produced by stimulation 
of the terminations of the vagi 

Action on the circulatory system ~[a) Blood-pressiiie —One to two m<T of the 
alkaloid whea lajected into the femoral vein of a cat imder cliloralose anaesthesia 
produced a shght initial rise in blood-pressure followed by a marked fall amounting 
to 20 mm of mercury The blood-pressure curve gradually returned to normal 
level m a few mmutes With larger doses, e g , 10 mg to 12 mg of the alkaloid, a 
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pcimaneut and sustained fall of blood-piessuie was pioduced wliicli did not regain 
its normal level foi a long time Sometimes osciUations and u'legularity in the blood- 
pi essuxe ciuve were obseived The fall of blood-pi essuxe maybe attributed to one 
or moie of the following factors — 

(1) The diiect depiessant action of the alkaloid on the vasomotor centre 

(2) The depression of tlie sympathetic or stimulation of the vagal nerve-cnclings 

(3) The depressant action on the cardiac muscles (4) The dilatation of the syste- 
mic blood vessels 

These factors were further lu-vestigated in order to determine the real cause 
which IS responsible for this fall in the blood-pressure In a few cats the hrain 
and the spinal cord were destroyed so as to eliminate the control of the medullary 
and spinal centres In anothci senes in addition to decoiebration, the sympathetic 
nerve-endings were also put out of action by the administration of incieasing doses of 
ergotoxm In both the cases tlie usual fall of blood-pressure was obtained This 
shows that neither the \asomotor centie noi the sympathetic nerve-endings play 
any important part in tlie fall of blood-pi essuxe pioduced If, however, the vagal 
nerve-endings weie completely paialj’-sed wuth atropine in a deceiebiated anunal, 
the admimstration of the alkaloid produced little oi no ehect on the blood-pressiue 
It would appeal tlieiefoie that the fall in blood-pressiue is mainly due to the stimula- 
tion of the vagal terminals 

(b) Emit — Cardiometer experiments show^ed a well-maiked dilatation of the 
heart after administration of the alkaloid An injection of 2 mg to 3 mg of the 
alkaloid pioduced a tr^insitoiy acceleiation of the boats of both the auricles and the 
ventricles in myocaidiographic tracings This stimula^’ion is only transient and is 
followed by^ a definite depression soon after If the dose is not too large, there is an 
attempt on the part of the circulatory system to re-adjiist itself and the beats become 
moie regular With still larger doses the depression increased and the heart- 
beats often become irregular probably on account of tlie spasmodic type of respira- 
tion which was set up This depie&sioii of the heart-beat was also observed after 
the vagal nerve -endings had been paralysed w ith atropine 

The isolated heaits of rabbits and kittens were perfused with oxygenated 
Locke’s solution at pH 7 4 and temperature 37 5°C With dilutions ranging from 
1 in 500,000 to 1 in 200,000 the alkaloid produced a trvinsitory stimulation followed 
later by depression and slowing of the beats AVitli higher concentrations, such as 
1 in 50,000 to 1 in 10,000, there was no imtial stimulation but depression was 
evident from the very beginning 

(c) Volume of visceml oigans — ^AA'’ith doses of 2 mg to 3 mg intravenously 
there was an increase in the volume of all the abdominal organs, the intestines, the 
spleen and the kidneys, corresponding to the fall in the systemic blood-pressure 
This shows that there was a good deal of accumulation of blood in the splanchnic 
area 

{d) Blood vessels — The systemic blood vessels of a pithed frog were perfuse 
with 0 7 per cent saline according to Trendelenburg’s technique The number o 
drops passing out in 30 seconds were recorded The aUcaloid wms then adc e 
concentration varying from 1 in 50,000 and upwmrds No definite action w. 
observed till the concentration reached 1 in 20,000 In such and stronger 
trations, there was a sbght reduction in the number of the drops, showing tha i 



7 ? N Chop a and J S Chowhan 


611 


WTSsomeconxtiictionof the Wood ve'^selbiutlie frog In cats’nhen 8 mg to 10 mg 
of the alkaloid ^\cle injected intrai enonsly theie i\as a slight increase in the volume 
of the limb The limb vessels showed a mild constriction, while the mesenteric 
\esscls showed dilatation when perfused with such dilutions as 1 m 200,000 to 
1 m 100 000 

Toxicity — The toxicity of the alkaloid was determined on frogs, white mice, 
guinea-pigs ‘'iid cats 

(o) Frogs — A 2 per cent solution of the drug was mjected into the ventral 
hunpli sac The drug was found to be entirely non-toxic to amphibia in doses 
a ar}*!!!" betw een 80 mg and 100 mg per kilogram IVith slightly larger doses the 
animals appear'^d to be stunned and in half an hour their movements became very 
sluumsh The mam feature observed was a maiked moistening of the skin, profuse 
droplets of glandular secretion appearing all over the dorsal cutaneous surface 
of the body After an hour the animal lav flat on its belly with legs extended and 
was unable to correct itself when turned on its back The respiration became slow 
and shallow but complete recovery occurred m 48 to 72 hours 

(b) White mice — Forty to fifty mg of the alkaloid injected into the dorsal 
vein of tail produced instantaneous death With smaller doses the follow'ing 
symptoms were observed Marked restlessness, increased respiratory rate followed 
b} gasping and rerophag's , complete paralysis of limbs occuried before death 
Doses between 20 mg and 30 mg per kilogram produced death in about 18 to 24 
hours 

(c) Ginnea-pigs — The mmimum lethal dose was found to be 70 mg per 
kilogram when injected intraperitoneally With smaller doses the symptoms 
observed were similar to those produced in white mice 

(d) Cats — A 2 per cent solution of the alkaloid was introduced into the stomach 
of cats by means of a stomach tube Twenty to forty mg per kilogram produced 
nausea, profuse sabvation, severe retching and occasional vomiting, followed half 
an hour later by choreaeform movements, dyspnceic respiration and strychmne-bke 
convulsions Even after recovery which followed in about 2 hours, the 
animal exhibited^mco-ordination of movements, rigidity and twitching of the 
extremities 


Post-mortem findings — In almost all cases the heart was found to be dilated 
and appeared to have stopped in diastole Both the auricles and the right ventricle 
were full of blood , the lungs were pale and collapsed , the liver was congested 
and friable rud the gall-bladder in all cases was distended and full of bile The 
intestines were empty but weic greatly congested and in a state of tonic 
contraction The spleen and kidneys were slightly congested and the urinary 
bladder w as empty 


^Action on siceat glands— It has been observed that the drug has a selective 
action on the para-sympathetic nerve-endings and when admimstered m large doses 
it “^cts as an emetic In animals the salivary secretion is greatly increased under 
Its effect In the case of frogs a good deal of gkndiilar secretion was seen on the 
dorsal surface after administration of the drug The effect of the alkaloid was 
therefore tested on the sweat gland m cat’s paws Intravenous injection of 10 mcr 
of the alkaloid produces httle effect but after 30 mg a definite increase in the secre- 
tion of sweat was observed 
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Discussion 

Djom tke experimental data given above it will be observed that the alkaloid 
isolated from Alanqiwn lamarlti pioduces a slow and maintained fall of blood 
pressure In very small doses the alkaloid appears to have a mild stimulant action 
but in ordinary doses it is depressant to the heart The respiratory movements 
are markedl)’’ increased followed later by irregular and spasmodic type of breathing 
The intensity of these effects is considerably reduced after the vagi are cut or their 
terminations are jiaralysed with atropine The volume of the abdominal organs is 
increased with the fall of blood-pressure showing that the blood accumulates in the 
splanchnics The alkaloid also increases the tone of the intestinal musculature and 
stimulates the automatic movements of the spleen , these effects disappear after 
atropine In feeding experiments it was observed that the ammal retched a good 
deal immediately after the drug was introduced into the stomach Larger doses 
produced bieathlessness and mropivagy followed by inco-ordination of movements, 
tetaniform convulsions and unconsciousness 

A perusal of these results show's that the alkaloid isolated from Alangtm 
lamaihi has a selective action on the para-sympathetic mechanism The action 
is most marked on the gastro-intestinal tract On the circulatory and respiratory 
systems, the action of the drug is much less in evidence The medullary centres 
are piobably stimulated, especially the vomiting centre Sweat secretion is inci eased 
due to the stimulation of the para-sympathetic nerve-endings Ildi ether the drug 
has any action on the sweat glands themselves cannot be definitely stated at present 


Summary and conclusions 

(1) The active principle contained in Alangiuni lammlti is an alkaloid to which 
the name of alangin is given 

(2) This alkaloid has a powerful stimulant action on the para-sympathetic 
mechaiusm. 
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Antians foxicaria (Upas tree), N 0 Urticace®, is Icnoivn as chandla, chandaluda, 
sapsundi in Marbatti , netavil, netta-ml niaiain m Tamil , neltavil in Malayalam and 
Hmyaseih, Mijeh-seih in Burmese It is foimd m the Deccan Pemnsula, and the 
Ghats from the Concan doivnu ards It is a large evergreen tree reachmg the height 
of 250 feet The followmg description from Chopra’s ‘ Indigenous drugs of India ’ 
(1933) mil gn e the ideas prevalent about this tiee ‘ The tree has become famous 
since the latter part of the eighteenth century as the source of a most deadly poison 
Most exaggerated statements regardmg this plant were circulated by a Dutch 
surgeon about that period It was stated that all bving thmgs approaching within 
miles of these trees fall a victim to the effects of the poison esialed from them 
These are now universally recogmzed to be myths and not facts The ]uice derived 
either from the leaves or the bark of the tree is nevertheless distinctly poisonous 
The sap is of a dark-brown colour with a gummy consistency, bitter and biting in 
taste It IS used to this day as an arrow poison by the Karens in Java, Malaya and 
particularly in Burma where the tree is most commonly found Its poisonous 
properties, however, are not widely known m the Deccan and Ceylon where also the 
tree is frequently met with In the Concan and Canara the bitter seeds are used as a 
febrifuge and as a remedy m dysentery, one-third to one-half of a seed being given 
three times a dav In Travancore A toxicana is knoun as the ‘ sacking tree ’ and 
IS not regarded by the people as poisonous , the same is^the case m Coorg, where 
sacks and even garments are sometimes made from the inner bark ’ 
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The Phmmacohq'ical Actwn of Antians toxicana 


Glieimcal cowjjosihon — A large araount of ^so^3v liat, been done on tic composi 
fion of the milky juice of this plant since 1838 The latest ivoik bv Kiliam 
shows that the juice eontains the following constituents (3) antiaiol, CbHj 204, 
the trimethyl ether of 1, 2, 3, 5 phcntctrol, (2) potassium iiitiate, in large amounts, 
(3) a crystalline resin, named antiarresiri, CsgUcoOs, ’ll Inch is the cinnamyl ester 
of a-amynn, (4) a crystalline protein, (5) an acid, CicBj^Ov and (p) three active 
glucosides (a) a-antiaiin, C07H42O10 4H2O, crystalline, M P 220° to 225T , (6) 
/3-aiitiarm, G27H3gO]o 3H2O, crystalline, il P 206'’C to 207 °C , and (c) y-antiaini 
which IS amorphous These glucosides occur in varying amounts in different 
samples and are said to possess strong digitalis-like action on the heart 

Pharmacological action — Eegnault in 1878 worked with a juice supposed to 
have been derived from A looicaua and used by the savages of Tonkiiig to poison 
their arrows He found that this substance had a pou eiful poisonous action on the 
heart Boinot and Hedon also examined the brown latex used as an arrow poison 
and showed that 3 drops of <i solution of 0 5 gramme of the poison in 10 grammes 
of water arrested the pulsation of a frog’s hf'art in 7 minutes, when locally 
applied and that 100 mg per kilo of body- weight were rapidly fatal to animals 
Very little woik has been done during the last 30 years on the pharmacological 
action of this drug and hence a detailed study wcas undeitaken As the mateiial 
available was not sufficient for tlie isolation of the individual glucosides, the 
action of the drug as a wdiole was mvestigated to begm wuth Throughout this 
investigation either the aqueous or the alcoholic extract of the dried gum. was 
used, care being taken to free them from any mechanical impurities as much as 
possible 

Caidtovascuh') system — Investigations on this system w^ere carried out m cats, 
urethane 01 chloialose being used as an anmsthetic In very small doses, eg, 
0 1 mg to 0 2 mg per kilo of body-weight, the drug had no appreciable effect 
on the blood-pressuie After administration of 0 75 mg to 1 25 mg per lolo 01 
body-Aveight intravenouslj^, effects were visible in a few minutes The blood- 
pressure showed a slight but steady rise After administiation of shghtly larger 
doses, e g , 2 mg per kilo of body-wmight of the extract, a rise of blood-pressure 
occurred starting almost immediately after and continuing for a long time 
Irregularity of the blood-pressiue curve was sometimes observed in particularly 
sensitive animals Larger doses, e g , 4 mg to 6 mg per kilo produced effects winch 
were of great toxicological inteiest (Graph, fig 1) If the mjections were gneu 
slowdy, the blood-pressure began to rise almost immediately and the rise was steady 
and persistent for about 10 minutes Occasional irregularities m the blood-piessure 
curve were visible This condition lasted for a few*^ minutes and then the bloo 
pressure showed a deebne follow’^ed by a temporary recovery This state of affairs 
lecurred several times, till finally in about half an hour the blood-pressure fell 0 a 
very low level In many experiments the blood-pressure curve touched the ase 
line, 1 e , fell to zero for a few minutes and then it suddenly shot up again, some 
times to even above the normal and remained at that level for quite a long 1®® 
Such changes go on for some tune before the animal dies During these 
distinct fibrillations of the heart were visible in the blood-pressure curve on 
injection of a very large dose, e g , 6 mg to 8 mg per kilo of 
practically no rise of blood-pressure but a fall and death from collapse ( I > 

fig 1) 
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Fig 1, o, 6, c, d, c, f, g, 7i and i Male cat, 2,835 g , cliloralobc Mj ocardiograpluc tracing and blood pressure 
'0 mg of alcohol soluble extract of .diitnm tojucana injected into the fcmoml vein Note slight nso of blood pressure 
immcdiatelj after injection followed b\ a fall (Fig 1, a and 6) At c and d the blood pressure is at its highest Icecl, 
and irrcgulantj is noticeable At / the blood pressure is almost zero and at g it has touched the base hue At It the 
teudenev to readjustment of the ciieulatiou is evident The auricular s\ stole is weakened from the lerv beginning At 
c and d the auncles show marked uihibition both m its sistohc and diastohc phases The .aentncles haie also followed 
amt Missmg of beats and irrcgjlantics of conduction arc also evident At/, 3 and i almost complete auricular parah sis 
is seen follow eA bv irregular \ entncular beats Interval between the tracings n to A are 0 mmutes , between h and » 
13 2 mmutes Time — 6 seconds 

Fig 2 Male eat, 2,635 g chloralosc 7 5 mg of water soluble extract of Aiitians ioxicana injected Note 
stimulation of both tone and penstaltic movements of the intestme, not rehevecl bj atropine lime — 6 seconds 

Figs 3 and 4 ^ Isolated uterus of gumea pig (pregnant) and rabbit (virgin) perfused with 1 m 40,000 solution of 
Aidtans lozicaria Note the marked increased tone in both Time — 6 seconds 

Iig 5 Isolated heart of kitten perfused with 1 in 100,000 solution of Mn/ion« /oricarm The mtrease of amiihtudc 
of contraction ancl slowang of the heart are seen The interval lietwecnthc tracing a and b is 2 mmutes and those 
between 6, c and d are 6 mmutes Time — 6 seconds 
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All the above experiments were repeated in auimal'5 treated ith large doses of 
atropine to paralyse the vagal endings Similar results were obtained showing that 
the aagi did not play any part It was further obsera^ed that if the animals were 
previously treated with nicotine or lepeated doses of ergotoxm, to paralyse the 
ganglion cells and the sympathetic nerve-endings respectively, the effects of this 
drug were not appreciably altered "We arc therefore led to believe that the drug 
acts mauily on the cardiac musculature 

Myocard^ograph — Records of the movements of the auricles, the ventricles 
and the carotid blood-pressure were taken in chloralosed cats under artificial 
respiration (Graph, fig 1) It was observed that 1/10 mg to 1/5 mg per kilo of 
body-weight had little oi no action on the beats of the auiicles and the ventricles 
Injections of about 0 75 mg to 1 25 mg per kdo shoved a shght mcrease m the 
amplitude of the beats of both the auricles and the ventricles after an mterval , 
slovmg was slight and sometime absent \\Tien 2 mg of the extract per kilo 
were injected, an exaggeration of the condition described above was observed In 
some cases an appreciable slov ing of the beats v as produced, especially when the 
alcoholic extract vas mjected As a rule fibrillations weie not observed with this 
dose MTien bigger doses, c g , 4 mg to 6 mg per kilo of body-weight of the 
extract were gueu the imtial increase in the amplitude of the auricles and the 
ventricles was absent, but on the other hand the force and frequency of the beats 
were considerably reduced and fibrillations of the auricles were observed in 5 to 8 
minutes "With the onset of this fibrillation the blood-pressure curve shoved a 
marked irregularity (Graph, fig 1) Within a few minutes this irregularity passed 
off and the heart once more started beating regularly These alternate periods of 
irregularity and reyiyal vere repeated several times till the heart became very 
irregular and the blood-pressure fell to a very low level Still later the auricular 
beats became very feeble and irregular as compared vith those of the \entricle and 
finally the auricles appealed to stop beating altogether v bile the ventricles went 
on beatmg irregularly In some cases an apparent revival of the semi-paralysed 
auricle vas observed In all cases the auricles stopped beating long before the 
ventricles 

In decerebrated animals similar effects were observed Atropinized animals 
also shoved the effects described above, except that no appreciable slov'ing was 
observed This suggested that the drug possibly had some effect on the vagal 
nerve-endings 

Isolated heart — The isolated hearts of kittens vhen perfused with 1 in 100,000 
to 1 m 40,000 solution of the watery extract of Anhans toxicaria produced a shght 
but steady mcrease in the amplitude of the beat (Graph, fig 5) , with larger doses 
the increase of amplitude became gradually less and less apparent With still 
bigger doses the amplitude of the heart vas markedly dimimshed from the 
begmmng 

Contmuous perfusion of the heart of a kitten with 1 in 100,000 solution of the 
drug showed, vithin a few minutes, a slight increase in the amplitude of the heart- 
beat, the frequency being shghtly sloven Attacks of arrhythmia hstincr for a few 
minutes at a tune followed by regular beating of the heart recurred at short intervals 
several tunes beiore the heart stopped in diastole The auricles were distended with 
J, ME . 
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blood Tlie coronary outdow was diminished in practically every case especially 
when large closes weie given 

Blood vessels — Contmuons perfusion of the vessels of the hind limbs and the 
mesenteric vessels with 1 m 100,000 ‘solution of the water-soluble extract shov^ed 
a giadual eonstnction of the vessels which was nnafiected by ergotoxin It has 
alieady been pointed out that ergotoxin has no action on the pressor effect of the 
drug These facts show that the drug probably acts on the musculature of the 
blood vessels 


Respiration — It was observed that withm a few minutes of mjection of 5 mg 
of this diug, the intratracheal pressure wms diminished and the rate of respiration 
was slightly slowed This was soon followed by broncho-constriction which persis- 
ted foi some time after the injection The respiration went on for quite a long time 
after the heart stopped beating. 


Intestine — Perfusion of isolated intestine of kitten with 1 in 40,000 solution 
of drug showed a definite increase m the tone and peristaltic movements of tlie 
intestines The same effects were also observed v hen the intestine was prenously 
perfused with atiopine Although pievious treatment with atropine did not alter 
the effect of the drug on the intestines, vciy small quantities of adrenalin completely 
prevented this action Experiments on the intestines in situ in chloralosed cats 
showed a marked increase in the tone of the intestine which was not relieved by 
admimstration of atropine (Graph, fig 2) These showed tliat increase of peris- 
talsis was due neither to the stimulation of the parasympathetic nor to the inhibition 
of the sympathetics 

Uteius — The uteri of giunea-pigs and rabbits showed tonic contraction when 
perfused with this diug (Gi aph, figs 3 and 4) in concentrations of I in 100,000 to 
] in 40,000 This effect wms not altered by the administration of atropine and was 
probably produced by direct action on the musculature, because if the effects v ere 
due to the stimulation of the sympathetic endings, the uterus of the giunea-pig 
would have responded by relaxation instead of contraction 


Toxicity — Intravenous injection of 7 5 mg per kilo of water-soluble extrac 
to cats proved fatal in about half an hour The respiration steadily became slower 
and deeper at first and later spasmodic 

Gmnea-pigs receiving 40 mg per kilo by subcutaneous injection died withm 
30 minutes to one hour Aftei mjection of fatal doses the animals showed signs o 
weakness of the hind limbs within a few minutes and were inclined to lie either o 
the side or on the abdomen Soon the respiration became rapid and occasiona^ 
spasms of the voluntary'- muscles were observed The fore limbs show'ed ° 
paralysis and the animal was unable to move , the respiration at this stage 
deeper and laboured The frequency of the spasms increased and invoun^ 
evacuation of urine and feeces was not uncommon at this stage Similar 
the alcohol-soluble portion appeared to be much more toxic and produced 
in a much shorter time 


Summary. 

From the experimental data it is obvious that the dried juice 
toxicaria has a slight stimulant action on the heart and circulation & 
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doses ifc acts as a strong cardiac poison The action on the aniicle is much stronger 
than that on the ventricles The drug acts mamlv on the myocardium It may 
also have some effect on the terminations of the vagi as it was observed that adminis- 
tration of atropine before the drug reduced its slowing effect on the heart It has 
no action on the higher centres because the drug acts equally well both in intact 
and decerebrated animals The drug produces a marked tonic contraction of the 
isolated as well as the intact intestmes and uterus of animals 


CnoPBi, R N (1933) 

Dvmock, W. (1S93) 

KtBTiKUt, K R , and Bash, B D (191S) 
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THE EFFECT OF HEXYLKESORCINOL ON CATS 

BY 

P A jMAPLESTONE, dso, mb, chb, dtm, 

AND 

Lieut -Colonel R N CHOPEA, m a , m d (Cantab), i m s 

(From the Phai oiacohyical and Hookiooim Research T)cpa)lmenis, School of 
Tropical Medicine, Calcutta ) 

[Received for pubbcation, July 17, 1933 ] 

WuEN c"r)joii tetracliloride was first introduced for the treatment of book- 
worm infection in man the early reports on its pharmacological efiect on animals 
came front America In these experiments dogs were maiifiy used although cats 
were also said to be tolerant of the drug in large doses Chopra and Chandler (1925), 
however, found that cats in Calcutta were very susceptible to this drug and that 
mnety-two per cent of eighty-seven cats employed died from its effects, irrespective 
of the size of the dose or the diet employed Hexyhesorcmol was first recommended 
as an anthelmintic by Lamson, Ward and Brown (1930), and in their paper they 
stated that the drug produced reddemug of the gastric mucosa, submucous 
haemorrhage and even epithehal necrosis in dogs, and that the effects were increased 
by the addition of alcohol On account of the above discrepancy m the findings 
of the American workers and of Chopra and Chandler in respect of .carbon tetra- 
chloride w e decided to test hexyhesorcmol to ascertain if it also had toxic effects 
on Calcutta cats 

Altogether twenty-four cats w^ere employed , m twelve the drug was given in 
varymg doses dissolved m alcohol, and m the other twelve it was dissolved m olive 
oil In the senes of cats in which the drug was dissolved in alcohol doses of 0 5 
gram and 0 75 grain per kilogram of body-w'eight produced no signs or symptoms , 
in doses of 1 6 grams to 3 grams per kdogram all the cats treated showed drowsiness, 
and unsteadmess of the hmd hmbs m degree^ of severity \arying with the size of 
dose of hexyhesorcmol, but they all recorered within twenty-four hours Cats 
given four to five grains per kilogram all died withm tw enty-f our hours, first becoming 
unconscious withm six hours of the drug being admimstered 

IVhen dissolved m ohve oil hexyhesorcmol was not qmte so toxic, because it 
was found that although three cats died after doses of five, six and eight grains per 
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kilogpm respectively two cats lecovered after doses of six grams and seven grams 
but they exhibited severe toxic S 3 fmpton 3 s ° ' 

^ On account of the rapidity with •which post-mortem changes occur in tins 
oumate, and because tlie cats practically all died durmg the night, it was impossible 
to examine them immediately after death, so a number of animals were given 
hexyliesoicinol both in alcohol and olive oil in doses varymg betiveen one gram 
and six giains per kilogram and they were killed at times ranging between five and 
twenty-one hours after being given the drug 

Di j\I N De, Professor of Pathology of the Medical College, Calcutta, hindly 
examined microscopic sections from all these cats and gave us a detailed report 
from which the following summary has been taken — 


Cats given liexylresorcmol in alcohol ' 

One grain per kilogram had no apparent cficct on the organs examined 
Two and a half grains to five grams per kilogram of bod 3 ’'-weight had the 
following effects — 

Stoinach — Superficial necrosis with smaller doses, and in larger doses coagula- 
tion necrosis extending in places through half the depth of the mucosa, with couges- 
tion and occasional haemorrhage or leucocytic mfiltration 

Duodenum — Doses of two and a half grains produced hypersecretion only, 
and five grains caused loss of epithelium in patches, together with some degree of 
congestion 

Livei — Modciate congestion with some slight damage to the hver-cells But 
one cat which leceived the maximum dose of five giams showed a normal liver 
Kidneys — Moderate congestion going on to slight granular and fattv changes 
when the largei doses were reached 


Cats given hexylresorcinol in olive oil . 

Slomach — The damage -was limited to congestion even when as much as six 
grains per kilogram of body-weight was gn^en 
Duodenum — Similar to stomach 

Live) — Congestion with a certain amount of fatty changes and round-celle 
infiltration 

Kidneys — Similai to those of cats which weie given the drug m alcohol 


These results show that the action of hexylresorcinol on the mucous mem 
of the stomach and duodenum is much less severe when it is given in olive 
when given in alcohol, but after its absorption the effect on the liver ana ’ 
anpears to be about the same whichevci a chicle has been employed These ^ 

do not agree with those of Lamson and Ward (1932) as the following qw ^ 

will show ‘ Very careful microscopic examination of the various organs o 
after smgle large doses of hexylresorcinol and even after repeated admm 
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over long periods failed to slioiv in Leonard’s experiments or in our own any pathc- 
logical lesions’ But this statement cannot be reconciled 'with that of Lamson, 
Ward and Bro^\ n {loc cit ) that hexylresorcinol produces reddening of the gastric 
mucosa, submucous htemorrhage and even epithelial necrosis m dogs The latter 
finding IS much more in agreement with ours than the former, and therefore rse are 
inclined to consider it the more correct of the tu o 

The dose u e ha^ e employed m cats is of course many tunes that given to man, 
but tlus u as done dehberatelj to test the contention that hexylresorcmol was free 
from all toxic effect, and we consider our findings show this statement is not correct 
It is true that with a dose of one gram per kilogram of body-weight for cats, which 
is approximately four tmies the maximum dose recommended for man, no patho- 
logical changes were found, so the drug is not consideied dangerous to man under 
ordinary conditions This is e\ ident from the numerous reports that have already 
been pubhshed of its use on a faiilj large scale, uithout any untoward symptoms 
occurrmg, as it has been given to several thousands of people in doses rangmg 
between one and two grammes At the same time we feel that our results on cats 
indicate that there is a distmct possibility of causing severe damage and illness m 
predisposed persons, whether from idiosjncrasy or intercurrent disease, and it 
should not be ignored From our very limited experience of the use of this drug 
ue can quote the following illustrative experience Smce the paper by Maplestone 
and Miikerji (1932) appeared we tried this drug, incidentally without any anthel- 
mintic effect, on a patient vith strongyloides infection accompamed by a certain 
amount of ‘ mdigestion ’ The patient although not in any sense endangered from 
the point of view of loss of hfe suffered considerable pain and exacerbation of his 
digestive disturbance, with consequent loss of appetite for some days after his 
treatment with hexj Iresorcinol Apparently the drug considerably increased the 
already present irritation of the gastric and duodenal mucosa 

We therefore are of the opinion that unless a certain amount of caie is exercised 
in selecting persons as siutable for treatment with hexylresorcmol accidents are 
liable to occur 
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[Received £oi puUhcation, Jvilv 17, 1033 [ 

In counectloa with the probleai of bed bugs {Cimex hennpteia) in railway 
carnages m India I was asked bv Dr R J Dyson, Chief Medical Officer M and S 
M Rallwat, to pro%nde some experimental evidence as to whether bugs and their 
esigs n oiild be destroyed by a reduction in air pressure 

There appear to be but few references to this subject m the hterature It is a 
recognized method of dealmg with certam infected materials, such as books aud 
furs, to put them in a smtable container, pass in steam, induce a partial vacuum and 
then admit formaldehyde There is a suggestion that certain eggs, for example 
those of the book louse, would be damaged m such a partial vacuum It has been 
stated that fleas, probably Pitlex nritans, burst noisily vhen taken 10,000 feet up 
the Andes, but that bugs are not thuswise afiected (Manson-Bahr, 1927) 

Various prehmmary experiments showed that bugs remamed active when the 
air pressure was reduced by about haK Finally a collection of 35 bed bugs, inclu- 
ding various larval instars, was placed in a container and the pressure was lapidly 
reduced imtd it was equivalent to only one inch of mercury Twenty-four hours 
later at least 25 indii iduals n ere still active, the vacuum havmg been maintained 
It had been expected that the creatures would probably not suffer from oxygen 
deficiency but that they would be damaged by rarefaction of air, especially by a 
somewhat sudden reduction of barometric pressure A number of bug eggs was 
treated to the same degree of partial vacuum for ten minntes and some of these eggs 
afterwards hatched It was noticed that in some cases the operculum of the egg 
was forced off 

Bed bugs and them eggs are not therefore destroyed by a degree of partial 
vacuum much greater than could be readily obtained in the case of an infested 
railway carriage The same idea must have occurred to others, hence this note 

REFERENCE 
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[Received for publication, August 22, 1933 ] 

Eijknlan (1904) produced evidence that in Holland very pure vraters showed 
no organisms capable of fermenting glucose at 46°C even tvhen quantities of 300 c c 
were tested On the other hand the greater the eA idence of probable pollution of a 
water, the smaller the quantity of that water which produced fermentation of 
glucose at 46°C The only standard suggested byEijkman referred to sand-filtered 
water He considered that not more than tw o out of ten 10-c c quantities should 
produce fermentation of glucose at 46'’C 

A number of mvestigators in different coimtries have subsequently studied 
Eijkman’s methods Among the more recent papers on tlus subject is that of 
Leitei (1929) who working m America came to the following important conclu- 
sions — 

(1) That the coli group of orgamsms can be isolated m pure or almost pure 
culture m 24 hours at 46°C and that the ccrogenes group is inhibited at that tempera- 
ture 

(2) That a positive Eijkman-test is closely correlated with mdole production 
and also with non-utilization of citrate and non-utihzation of uric acid 

(3) That the Eijkman-test is uniformly positive for coh isolated from the feces 
of human bemgs and warm-blooded animals and uraformly negative for coh from 
cold-blooded- animals 

Brown and Skinner (1930) from their work m Minneapolis agreed that pure 
waters rarely give a positive Eijkmon-test They found, however, that the test 
failed to discriminate between samples givmg positive presumptive tests (by standard 

( 525 ) 
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methods) doe to the presence of coh and wiogenes lespectively, because some fecai 
coh did not feiment glucose at 46°C some strains of anogenes succeeded 

Ruchhoft and otliers (1931) m their exliaiistive study of water bacteriology 
devoted but little attention to the Eijlcman-test and them conclusions regarding its 
value appear to be much the same as those of Brown and Skinner There is fiutlier 
evidence fiom Lisbon that coh strains fiora cold-blooded animals rarely ferment 
glucose at 46°C (two out of 65) v bile most stiains of coh fiom warm-blooded animals 
give a positive Eijkmaii-test (de Megalbaes, 1932) 

As regaids tropical v atei-siipplies the Eijkman-test has not apparently been 
applied b}'' many workers In two recent important contributions to the bacteno 
logy of tiopical ivaters (Pawan, 1931 , Hirst, 1932) the Eijkman-test is not men- 
tioned Tavloi and Goyle (1931) applied the test to Eangoon waters and were 
favoiuably unpiessed by its significance They suggested as tentative standaids 
for tropical waters that samples fiom tube-wells should not give a positive Eijkman 
test in quantities less than 100 c c and that samples of surface waters and fiom 
shalloiv wells should give negative results in quantities less than 50 cc Some 
experiments with Eqkraan’s test arc also lepoitcd fiom Kuala Lumpur (Kingsbiuy, 
1932) The results suggest that the test docs not distingiush positive presumptive 
tests due to the presence of colt and evtogenes respectively but that it may help to 
separate certain samples wdieie the acceptance of the lactose gas line or the ‘ lactose 
plus, indole plus ’ test w'ould demand an unduly high standard 

We have carried out the Eijkman-test on a number of samples of Madras ivaters 
which we have at the same time examined by the usual routine methods Having 
had some difiiculty in uiideistauding the exact pioceduie earned out by reitain 
writers we give the methods adopted m some detail 

The water is added to MacConJeey’s bile-salt lactose broth and to Eijkiuan 
medium, the stiength of the media and the quantities of water being shown 
m the followung tables — 


Details of cidiuies m MacConlcy-ntedwm 


Number of 
dilution 

Strength of JlacConlvey medium 

[ Amount of 
medium c c 

Water added 
c c 

Numbrr of 
tubc'i, 

A 

6 per cent peptone 

1 5 per cent sodi taurocliolate 

15 ,, lactose 

Neutral red 

Reaction alkaline 


20 

1 

B 

j 60 per cent of A 

1 

7 

10 

i 

2 

C j 50 per cent of A 

1 

5 

5 

1 

3 

D 

33 per cent of A 

3 

1 

01 

0 01 

3 

3 

3 
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Details of ciilhires in Eijlman-mcdinm 


I^umbor o£ 
dilution 

Sfrcurth of rijkmnn medium 

Amount of 
medium c c 

ater added 

C c 

Number of 
tubes 

A 

10 per cent {iluco'e 

10 „ peptone 

5 „ XnOl 

Andride indicntor 
pH 7 2 

1 “ 

1 

50 

1 

B 

GO pei cent of V 

4 

10 

1 

C 

10 per cent of ^ 

6 

1 

5 1 

1 

I 

1 


The MacConkey -tubes are incubated at 37°C and the Eijtman-tubes at 46°C 
and they are all examined for the presence of acid and gas after 24 and 48 hours 
At the end of the first 24 hours the tube with the second smallest amount of u ater 
showing acid and gas is selected (or the tube with the largest amount of water if no 
other IS positive or if none of the tubes are positive) Dilutions from these tubes 
are sub-cultured on JIacConkey-agar for discrete colonies which are selected and 
identified in the usual manner 

The samples are grouped according to the source and the results of the tests are 
tabulated for reference The gas readings are those at 48 hours Six of the ten 
well-waters and three of the ten river-waters gave a positive Eijkman-test while 
with lake-water and infiltration gallery-water the test was uniformly negative 
There is thus some general agreement between the probable quabty of the water 
and the result of the Eqkman-test 

Quite frequently, however, samples showmg lactose fermenters at 37°C in 
small quantities of the w ater gave no fermentation of glucose at 46°C in amounts 
up to 50 c c In most of these cases the lactose fermenters were shown to include 
true coll (il K -j- Indole -j- Citrate — ) and sometimes these mcluded organisms of 
Clemesha’s group I Thus, samples Bl, B5, B7, C4, D2 and E5 show ed lactose 
fermenters includmg Clemesha’s group I, viz , schaffen, in 0 1, 0 1, 1 0, 10, 5 and 
5 c c respectively but the Eqkman-test was negative in quantities up to 60 c c 
Only one of these, 04, showed coh [neapohtamis) in sub-cultures from the negative 
50 c c Eijkman-tube The first and third of these samples came from ■sources 
exposed to obnous faecal pollution Out of the sixty samples there were eight 
^ in 0 1 c c or less but which gav e no fermentation of glucose 

at 46 C The test faded to demonstrate the inefficiency of the sand-filtration in the 
case of Eo 


Sub-cultures froni the Eqkman-tiibes which showed no gas but merely turbidity 
and occasionally acidity, frequently revealed the presence of lactose fermenters 
.n onlj three cases were true coh isolated from the Eqkman-culture tubes when 
the correspondmg lactose-tubes yielded no true coh Two of these were samplerof 
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lake-water showing no lactose fermenters m 60 c c and no lactose fermenters m 
sub-cultures from the negative MacConJcey-tubes In the third case, B2, the 
unusual finding was confirmed by following up further selected colonies from 
the plates and the result was similar, viz , laclis ceiogenes and cloaem from 
the lactose-tube and •scluejfen, coscoroba, acidi laclici and lesicidosus from the 
Bi]lanan-tube 

In two cases — KZ and D3 — the only lactose fermenters isolated from the 
Eijkman-tube were a'ro^renes, while the corresponding plates from the lactose-tuhes 
shoived both coli and ceiogenes 

There is one doubtful instance of a false positive, viz , A7, in which case, 
ho\vevei, no lactose fermenters weie isolated from either the Eijkman- or the 
hlacConkey-cultuies In everj^ otliei case where the Eijkman-tube ivas positue 
there was corroborative evidence that the sample was not satisfactory, inasmuchas 
lactose fermenters wmre nresent in small quantities of the wmter and with one excep- 
tion — A6 — these wmre showm to include true coh 

A table is compiled showing how often coh and cewgencs were recoveied from 
the MacConlrey- and Eijkman-cultures respectively, and also the occurrence of the 
more common species of these groups The figures suggest that the giowth of 
ceiogenes is inhibited in Eijkman-medium at 46°C to a greater extent than the 
giowth of coh As legards coh theie was fiequent failure to recover thiee of the 
four commonest species, and as regards cciogenes, No 73 and cloacm at least were 
sometimes demonstrated in the Eijkman-cultures 


Fiequency of ccilain oigainsms m sixty samples of loalei 


1 

cohf all 
specie^ 

rcsiculosus 

srJnvJferi 



From MacConlcoy mcrljuin at 

37°C 1 

1 

37 

8 

10 

16 

12 

From Eijkraan-medium at 
46”C 

22 

S 

5 

12 

8 


j 

aerogenes 
all species 

No 67 

No 73 

lachs 

cerogencs 

cloaca 

1 

From MacConkey medium at 
37°C 

13 

6 

2 

7 

9 

From Ei]kman-medium at 
46®0 , 

4 

0 

2 

0 

3 
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The actual numbers of the various species of orgamsms identified in the con- 
firmatory tests are omitted from the main tables as they cannot be claimed to bear 
anv relationship to the pioportioiis in the original sample 

The Ei]kman-test, taken as the production of acid and gas in Eijkman’s medium 
at 4;6°C , fails in some cases where the sample must be condemned from a knowledge 
of local conditions and the results of other tests Sub-cultures from the Eijkman- 
tubes may fail to demonstrate orgamsms which are considered indicative of faecal 
pollution and w hich are present in very small quantities of w ater The test carried 
out in this wa's presents false negatnes, that is, it is not sufficiently sensitive, and 
it appears to add no useful information to the residts of the usual routine tests 
A modification of the Ei]kman-test has recently been tried by "Williams et al 
(193u) Their medium contained less carbohydrate and they claimed that there 
was less acid production and that all the true coh survived They used a pH of 
6 6 for all their presumptive test media False positives due to either sporebearers 
or the corogcnes group were still troublesome however 

The presence of streptococci is also noted m the tables In most cases these 
w ere heat-resistant This pomt is of some interest and should be further mvesti- 
gated Streptococci were far moie often noted in the sub-cultures from the Eijkman- 
tubes than in those corresponding to the hlacConkey -broth in which medium the 
growth of streptococci is acknowledged to be somewhat inhibited 

The use of a plain lactose-agar, w ithout bile-salt, for sub-cultures from the 
Eijkman-tubes residted usuallj in an overgrowth of Gram-positive bacilli which 
obscured both coliform bacilli and streptococci 


SUMMAEY 


The Ei]kman-test has been found unreliable for JIadras waters For example, 
*1 water from a source exposed to pollution and showing true coh in ^ ery small 
quantities, eg, 01 c c , may give a negative Eijkman-test with amounts up 
to 50 c c 

It IS showu that there is frequent failure to recoi er true coh after 24 hours’ 
cidture in Eijkman’s medium at 46°C , w'^hile ccrogcnes sometimes survives under 
these conditions 

It appears that streptococci are commoner m tropical waters than has been 
supposed 
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530 Etjhmn’s Test on W ate) -Supplies in the Madias Piesidency 

A Well-ivatos 


Number. 

Lactose 
fermeutors 
present in 

C <0 

Colonics from 
lactose tube 

Eijkman test 
positi%c m 
c c 

Colonies from 
glucose tube 

Strepto 

COCCI 

A1 

0 1 

coil 

acidi lactici 
7ieapohtamt‘; 

3 

No If 

- 

A2 

01 

coh 

acidi lachci 

60 negative 

No If 

— 

A3 

01 

coh 

r pncvmotiicr 

No 74 
(trogeties 

No 07 

No 73 

50 

(croffcnes 

No 73 


A4 

5 

coh 

coscoToha 

50 

No If 

— 

A3 

1 

0 1 

j coh 

sclia Jfert 
iieapolttmuif 
(c)oqeiies 

No 98 
hictis O’) 07 
cloaca" 

1 

50 

No If 


AO 

0 1 

mioqenee 

No 07 
cloaccc 

10 

No If 

4- 

A7 

^ 60 negative 

No I f 

50 

No 1 f 

” 

A8 

0 01 

i 

coh 

coscoroba 

ccroqcne<! 

No 73 
lach'- (VI og 
clnara 

50 negative 

coh 

No 00 
fC) oqenet 
cIoaciB 


A9 

0 1 

coh 

co^i nmiab 
co<!coroba 

3 

colt 

restculoms 

schcvffert 

neapohtannty 

coscoroba 

+ 

AlO 

1 0 

coll 

veapohfanws 

No 70 
cosco) oha 

0 

coh 

vestculonis 

No 71 

jieapohtanns 

coscoroba 

+ 


Note — Nos 6 and 7 have covers and pumps 
Nos 1, 4 and 10 have pumps 
The others may be fouled by buckets and ropes 
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B Rivo-uateis 


Xumber 

LactO'O 
lermcnters 
present m 

0 0 

Colonies from 
hctose tube 

1 

' EijI man test 
positnc in 
' c c 

Colomes from 
glucose tube 

Strepto 

COCCI 

Bl 

1 01 

i 

coll 

schcefferi 

neapoUimu’! 

60 negative 

No If 

+ 

B2 

0 01 i 

1 

ccroguics 
lachs ccroQ 
cloaca: 

70 

coll 

schceffen 

coscoroba 


B3 

0 01 i 

1 

1 

1 

rnh 

coscoroha 

CETogtnts 

No C7 
lachs mrog 
cloaca: 

50 , 1 

coh 

tesiculosus 

1 neapohiamts 

1 

j 

1 

1 

1 

B4 

10 

colt 

testcvloms 

neapoUtanus 

coscoroba 

50 „ 

No If 

1 

B5 

0 1 

coll 

schccffen 

ntapolxlamts 

Xo 109 

50 

No 1 f 

+ 

BO 

0 01 

coh 

cesiculosits 
r pneuTnomcc 
gasojonncins 

50 „ 

coh 

lesictilosus 

No 40 

No 109 
a:rogcnes 

Xo 73 
cloacae 

+ 

B7 

10 

colt 

scbccffert 

neapo^ilatnis 

coscoroba 

' 50 

1 

No 1 f 


BS 

0 1 

coh 

lesiculoaus 

schccffcn 

coscoroba 

5 

coh 

lesiculosus 

No 40 
neapohtaniis 
coscoroba \ 

+ 

B9 

5 

colt 

n^apoUian 

50 

1 

coh 

coscoroba 

- 

BIO 

»■ 

1 0 

colt 

scbo’fferi 

ncnpoltlmivs 

j 50 

1 

1 

coh 

coscoroba 

— 


^ote — Xos 1, 7 aud S are grossh polluted bv bathers, etc 
Xo'! 2 and 6 are stagnant aud Xo 10 is m flood 
Xos 3, 4 and 5 are fairly clear running streams 
J, 3IR 


0 



532 Eijhnan’s Test on Watei-Euji'phes in the Madias Piesidency 

C. InfiUralton gallery-water. 


Number 

Lactose 
fermenters 
present in 
c c 

Colonics from 
lactose tube 

Eijkmnn- 
test positive 
in c c 

Colonies from 
glucose tube 

Stxepto 

COCCI 

Cl 

10 

toll 

vestculo!,vs 

60 negative 

colt 

tcstculostis 

1* 

02 

80 1 

No 1 f 

60 

No If 

- 

C3 

6 

ccrogencs 
laclts ccrog 

60 „ 

No If 

+ 

04 

10 

colt 

schccfferi 

veapohtams. 

60 

colt 

neapuhtanus 

+ 

06 

20 

colt 

neapoltlanvs 

60 

colt 

neapoblamit 

— 

ce 

20 

coll 

vestculosus 

60 „ 

No If 

j 

1 

07 

60 

No I f 

50 

No 1 f 

- 

08 

20 

coll 

neapolitanvs 

60 

No If 

_ 

1 

09 

60 negative 

No It 

50 

! 

No If 

- 

CIO 

i 

5 

coll 

neapohtanus. 

50 

colt 

srJiccffert 

neapoltlnnne 



— Nos 5, 9 and 10 are in the bank of impounding reservoirs 

The others are in the banks or beds of nvers u hich are dry dunng most of t le yea . 
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if umber 

Lactoso 
fermenters 
present in 

0 0 

Colonies from 
lactose tube 

Ejikman ♦est 
positive 1 

in c c ' 

1 
1 

1 

Colonies from ' 

glucose tube 

Strepto 

COCCI 

D1 

5 

coll 

wcoroha 

J 

1 

00 negative j 

1 

No If 

i 

1 

D2 

5 

coll 

schccffcTi 

ccrogencs 

cloaccc 

50 „ i 

1 

No If 

1 

j 

i 

D3 

0 001 

coll 

r pneuinoiiKo 

No 74 
gasojormans 
ccrogenes 
lactis ccToq 

50 „ j 

1 1 
; 1 

1 ccrogenes 

1 cloaccc 1 

1 

1 + 

D4 

10 

! 

cerogcnci 

No 67 
larlis ocrog 

50 

j-Nolf 


Do 

1 

coll 

coicoroba 

10 

1 

1 

colt 

neapoltfanue 

coscoroba 

+ 

DO 

5 

1 

' arogencg 
j cloaccr 

60 negative 

No 1 £ 

— 

D7 

1 

1 

1 colt 

1 testciiloous 

1 actdi lactici 

1 

60 

coh 

scbccffen 

veapohlanus 

+ 

D8 

0 1 

i 

1 coh 

r jineunionuT 
j gasoformnns 
' ccrogtncs 

1 No 67 

1 clonccr 

1 

coh 

acidi laclici 
IMlCllloSllS 

No 101 

1 

+ 

D9 

5 

coh 

1 t csiciilosiis 

1 ncapolitanif! 

50 

1 

roll 

ncapohtamis 

1 

i 

DIO 

T 

1 coh 

schcpffcri 

50 negntu p 

1 

coh 

srhcrjfen 

nsagmhiavug 

_ _ 

4- 


’Note — iCos 2, 4, 9 and 10 appear fairly ncll protected 

The others are open to pollution from cattle or bathers or by inflo-ning surface ainter near 
habitations 
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E Tieated wateis 


Number 

j Lactose 
fermenters 
lire-’Cnt in 

1 c < 

Colonics from 
lactose tube 

Eijkman test 
positive 
in t c 

1 

Colonies fiom 
glucose tube 

i 

Strepto 

COCCI 

El 

60 negative 

No 1 f 

1 SO negntne 

No 1 f 


E2 

60 I 

aronencs 

cloacw 

60 

tt 

No If 

1 

— 

E3 

60 negative ! 

No If 

60 


No 1 f 

— 

El 

10 1 

i 

coil 

gasoformans 

50 


coh 

No 100 

— 

Efi 

n 1 

! 

I coh 

1 schceffd i 

neapohtanus 1 

coscoroha 

No 100 1 

60 

1 

1 

ft 

i No 1 f i 

! 

+ 

E6 

1 

60 

1 

coh 

acuh lochct i 

60 

ft ' 

1 No 1 f 


E7 

60 negative 

No 1 f ! 

60 


' No H 

— 

E8 

60 „ 

No 1 f i 

50 


' No 1 f 

- 

E9 

60 „ 

No 1 f 

50 

» 1 

No 1 f 

— 

ElO 

5 

coli 1 

aadi lachci j 

vcsinilosiis j 

■ 10 

1 

1 


coh 

acidt lachci 

No 101 

-1 


Note — Nos 3, 6 and 8 are after alum treatment and meehanmn] iltration Ihe others are 
after slow sand filtration 


F Red HiUs lale-iuaie) 


Nnmboi 

Lactose 
fermenters 
present in 
c c 

Colomes from 
lactose tube 

' Eijkman-test 
i positive 

moo 

i 

Colonies from 
glucose tube 

Strepto 

COCCI 

Fla 

60 negative 

i No 1 f 

1 * 

60 negative 

No 1 f 

- 

F15 

60 „ 

No 1 f 

1 60 „ 1 

1 

coh 

vestculosus 


F2a 

60 „ 

! No It 

60 „ 

No 1 f 


F25 

F3a 

‘ 60 „ 

60 

No If 
coh 

C03COI ohn 

60 

60 

No If 

No 1 f 

- 

F36 

60 negative 

No If 

50 

coh 

neapohtanus 

coscoroha 


F4a 

60 „ 

No If 

60 

No If 


F46 

60 „ 

No If 

50 

No If 


F5a 

Fob 

60 „ 

60 

No 1 f 
coh 

neapohtanus 

60 „ 

60 „ J 

i 

No 1 f 

No If 

1 

at least 


Note ■ 


-xnese samples are xrom oinerenr pares oi a very laigu 

half a mile from the edge and taken at depths of three and five feet respeo ivc 

have been included 


The few mtermediaries with the reactions M E + Citrate 
m the coh group, viz , r pneumomce, gasoformans and No 109. 
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BIOLOGICAL AND COLORIMETRIC ASSAY OF VITAj\IIN A 
IN SOME INDIAN FRESH-WATER FISH OILS 


BY 

N 0 DATTA, 

AUB 

B N BANERJEE 

{From llic Department of Biocliemtslry, Indian Institute of Science, 

Bangaloie ) 

[Eeoeived for publication, July 18, 1933] 


Althotjgh the fresh-water fish plays a very large part in the diet of a laige 
section of the population of this country, yet very httle is known about then relative 
nutritive value The only investigation so far on record is that of Banerjee and 
Nag (1933) vho tested a few samples of liver oils colorimetrically with antunony 
trichloride The present mvestigation was taken up to determme the vitamin A 
content of the body oils of Labeo roJnta (nii, rohit, ruhee), Cirrkina vnrgala 
(mirgal, mrigal), Clupea ilisha (hilsa, eehsh), Catla huclianam (katol, katla) 
and dham 


The abo\ e-mentioued fishes aie found abundantly in the rivers of Bengal, Assam 
and Burma as also in othei parts of the country, and are extensively used for edible 
purposes ‘ Lohm roliu is the best of all fresh-water fishes, sweet to the taste but 
slightly bitter, increases Mtahty It contains nitrogen 17 5 per cent, fat 16 4 per 
cent, and salt 2 36 per cent ’ (Nadkarm, K M ‘ The Indian Materia Medica’, 
pp 1130-1131) Hilsa and dham are sueet to the taste probably ownm to the 
large amount of fat which vanes from 20 to 25 per cent of the tota’ body-wemht 
Mirgal is not ^,o popular as the others particularly m Assam uhere many people 
do not take it m the behef that, if taken in excess, it gives rise to hysteria and 
epilepsy 


Yarious colour reactions have been proposed for the determination of ntamin 
A but the one proposed by Rosenheim and Dnmunond (1925) and modified bv Carr 
and Price (1926) is considered to be specific for i itamiu A Ahmad and DnimmcnrI 
(1930) found that the results of animal test agree with those of coWtricSods 

( 635 ) 
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Fiesh-Waie^ Fish Oils 


On tlie other hand some investigators are of opinion that there is no strict 
lelation between coloui reaction and biological assay of vitamin A In 
of the above, wc studied tlie vitamin A ( ontcnts of the different oils by bott 
biological and coloiimetiic methods 


Expukimental 

The body oils of ‘iiihce’, ‘mirgal’, ‘ dliain ’ and ‘ hilsa ’ veie prepared b} 
grinding tlie flesh with anhydious sodium sulphate and cxtractmg with ether ic 
an atmospliere of mtiogen The ethei was lemoved m an atmosphere of nitrogen 
and the oils wcie kept in coloiued bottles m which tlie air was replaced by inert 
gas TJie livei oil of ‘ katol ’ wms landly supplied to us by Dr K P Bose The 
livers were tieated wufh steam and the liberated oil was filtered through anliydrons 
sodium sulphate 

Young rats weigliiug at an aveiage 40 g to 45 g weie put on a vitamin A-free 
basal diet consisting of * — 

Pmified casern 20 parts 

Purified lice staich 71 „ 

Salt mixture (McCollum) 4 „ 

Diied brewmr’s yeast 6 „ 

The casein used was the B D H light wdiite product which w^as repeatedly 
extracted wntli fiesh quantities of boiling alcohol and finally with ether 
Each of the lats leceived one drop of Radiostol (B D H ) twice weeUy 
throughout the picparatory and the testing peiiocl to supply the antirachitic 
factor 

The majority of rats showed steady weight after 4 or 5 weeks on the basal diet 
About 80 pel cent of tlicm developed symptoms of xerophthalmia and 3 pw cent 
ear-sore with bleeding They were then given measured supplements of dineren 
oils m doses of 100 mg , 50 mg and 20 mg Olive oil was used foi dilution 
to compaie the vitamin A values of the fiesh-w'atei fish oils with a standard cod-iwei 
oil, a set of rats were tried wuth L de Jough cod-livei oil in doses of 20 mg 1 ^ 
oils weie directly administered into the mouth of the rats before givmg them e 
basal diet The test wath the supplements weie caiiied out foi 4 to 5 weeks ni 
in the case of tlie lats which sliowed little oi no growth the supplement was change 
to an adequate dose of anothei oil m oidei to demonstrate that the animals wer 
still capable of gi owing 

The body oil of hilsa and the livei oil of katol were tried on ten 
doses of 100 mg None of the rats showed any tendency to grow but remai 
constant in w^eight foi nearly 15 days- and then began to decline 
and No 48 (Fig 1 ) wmic given a changed supplement of 20 mg of mirga 
oil, lats No 45 and No 50 weie changed to a supplement of 20 mg o n 
body oil The rats showed prompt lesponse in growth The ey'c 
cuied and the yellow pigmented colour of rhe rats changed m a ‘ 

manner to glossy milk-w'hite appearance The animals whose 
was not changed died after a few days as instanced by that ot ra 

(Fig 1) 
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The dhaui-body oil did not produce any appreciable growth in doses of 100 mg 
Four rats out of ten employed showed slight increase, others had a tendency to 
increase durmg the first tu o weeks followed b} a rapid decrease In the case of 
rats No 8 and No 9 (Fig 2) the supplement y as changed to 100 mg of ruhee-body 
oil and the response was immediate Rat No 28, without change of supplement, 
became bbnd and died on the 27th day (Fig 2) 

The body oils of ruhee and mirgal were found to be potent m doses of 20 mg 
The animals receivmg these oils developed a healthj appearance after 2 weeks with 
perfect milk-yhite glossy fur (Fig 3) 

The preparation of cod-hver oil used in this experiment induced a growth of 
11 9 g per week, bke average cod-hver oils (Fig 4) 

Fig 5 shows the growth curve of rats on difierent oils m doses of 100 mg 


TABLt I 

SlioiLing the growth lesjmise of rats on different doses of oils 


^fature ot the oil 

Number of 
rats used 

Do'c 

(mg) 

Dajs under 
experiment 

Average increase 
in n eight per 
rat (g ) 

A\ erage increase 
per rat per 
week (g ) 

1 Cod liver oil 

6 

20 

28 

47 7 

11 9 



6 

100 

28 

46 

115 



4 

60 

2S 

30 

7 o 

2 Ruhee bodv oil 









3 

20 

28 

25 2 

63 



4 

20 

35 

30 

60 


’ 

S 

100 

3^ 

50 

10 0 

3 ^rgal hodv oil 


4 

50 

28 

30 

7 6 



6 

20 

28 

21 2 

54 

4 Chain body oil 

10 

100 

14 

5 

25 

0 Hika bodv oil 

0 

IfiO 

14 

-8 


6 Katol liver oil 

6 

100 

It 

-10 
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Fiesh-Waiei Fish Oils 


Table IT 


tShoioiv<i lhe(j)onili lesponse of mdimdual rats with 20 mg of diffei entails 


1 

Hat 

nuuibci 

j 

Se\ 

Dajs under 
experiment j 

Onpnal 
\\ eight 
(B) 

Final 

weight (g ) 

1 

Total increase 

111 weight (g ) 

Total 

increase m 
weight per 
week(g) 


Cod liter oil 


30 

€ 

28 

80 

128 1 

48 

120 

41 

¥ 

28 

81 

128 

47 

117 

42 

e 

28 

73 

123 

60 

12 5 

44 

d 

28 

74 

122 

48 

12 0 

36 

¥ 1 

28 

95 

140 

46 

112 


Average 

119 


Jiulice-bodi/ oil 


53 

cT 

21 

97 

llh 

18 

60 

64 

¥ 

21 

95 

113 

18 

60 

40 

¥ 

28 

93 

116 

23 

67 

39 


28 

95 

122 

27 

67 

53 


21 

71 

89 

18 

60 

35 

¥ 

35 

85 

115 

30 

60 

34 

if 

28 

99 

125 

26 

65 


Average 

60 


Mirgal body oil 


31 

1 

d' 

28 

80 

100 

20 

60 

32 

d" 

28 

88 

109 

21 

62 

33 

d 

28 

98 

119 

21 

62 

38 

d 

28 

74 

97 

23 

67 

61 

¥ 

28 

98 

122 

24 

6 0 

52 

1 

¥ 

i 

28 

95 

116 

21 

— 

62 






Average 

64 
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The quantities of different oils required to piomote the rate of groudh of 
3 2 per ueek was taken as 1 annual unit as suggested by Sherman and used 
in"^the official method of vitamin A assai published in the United System of 
Pharmacopceia 


Table III 

Shoieing the relatiie vitamin A value of different oils {biologically) 


Name of oil 

Units of Yitamin A 
per gramme 

1 Weight of oil (g ) 
■nhich contains 1 
nmt of vitamin A 

Cod hver oil 

195-200 

1 

0 00502 

Rnhee body oil 

98-100 

^ 0 0102 

Slirgal „ 

90 

0 011 

Dbain „ 

8-10 

t 

0 ilO 

1 

Hilsa , 

Nil 

* 

Ka<ol bver oil 

Nil 

1 

i 

1 

i 


Colour test — Reagent — solution of antimony trichloride m chloroform u as 
prepared by dissobung 30 g of purified antimony trichloride in 100 c c of chloroform 
at room temperature Before being used the solution ivas cooled doivn to a tem- 
perature of 2°C to 4°C with ice and water and allowed to settle until a clear solu- 
tion was obtained, smce it has been pointed out by TTokes and WiUimott {1927fl, 
19276) that at room temperature the colour changes so rapidly that it is difficult 
to get an accurate reading 

A series of dilutions of the oils were prepared m chloroform The colour 
produced when 0 2 c c of each dilution was mixed with 2 c c of the rea<^ent 
was matched with standard Lovibond umts of blue, the colours bemw matched 
after 30 seconds The mean of three or more readmgs was taken in each 
case 
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Fresh-^Water Ftsh Oils 


Table IV. 

Showing colow ^^^oduced when vaiying concenlmlxons of different oils are 
(leated with antimony inchlondc 


Natuic of oil 

Mg of oil in 0 2 c c 
of solution to 2 c < 
of icagcnt 

Colour in Lombond 

Blue 

YoUon 

Red 


( 

5 

1 0 

02 




10 

2 I 

06 

01 

Cod liver oil 


20 

40 

10 

03 

(L de Jongh) 


40 

76 

23 

10 



SO 

10 1 

34 

20 



100 

11 3 

60 

40 



10 

08 

02 




20 

1 6 

06 

01 



40 

30 

1 0 

01 

Ruhee body oil 








SO 

5 4 

30 

08 



100 

5 S 

32 

0 0 



200 

74 

50 

20 



10 

0 7 

02 




20 

1 4 

06 




40 

2 6 

1 0 

01 

Miigal'body oil 


80 

6 0 

3 0 

07 



100 

54 

34 

08 


. 

200 

7 2 

7 0 

20 



40 

04 

0 1 


Dhain body oil 


80 

0 8 

06 

0 1 



200 

1 6 

1 1 

03 

Hilaa body oil 

200 

Stl 



Katol bver oil 

200 

Nil 
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When tlie intensity of the colour produced is plotted against mg of oil used in 
the reaction a curve is obtained as m Fig 6 (a) In no case uas the colour pro- 
portional to the amount of oil used The curves were, however, found to approach a 
straitrht line at low values The colour value equivalent to 1 animal unit of the cod- 
hver^oil used in this experiment (0 00502 g ), when used in the colour detennmation 



(/) Cod iiven Otl 



was found to give 1 Lovibond blue umt The amount of each oil necessary to 
give the same colour may be obtained by plotting the lower values on a larger scale 
against mg of oil used for determination as m Fig 6 (6) so that a comparison can 
easily be made (Norris and Damelson, 1929) 
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Fiesli-Water Fzsli Oils. 


Table V 


Shoioing comjnnson of the amount of oil leqimecl to give I animal unit 
as determined by biological and colonmetnc assay 


Nature ol oil 

Biological assay (g ) 
per day 

Colonmetnc assay 
(g ) per day 

Cod-livcr oil 

0 00502 

0 005 (1 blue unit) 

RuUec bodv oil 

0 0102 

1 0 012 

Mirgal bodj' oil 

0 011 

OOU 

Dbaiu-bodv oil 

0 110 

j 0 100 

1 

Kntol livei oil 



Hilsa-body oil 


! 


Summary 

1 The vitamm A potency of the diffeient fresh-water fish oils as obtained hy 
the biological method is m reasonably good agieement with those obtained by tJic 
colorimetric method 

2 The body oil of ruhee and miigal nas found to contain 90 to 100 units of 
vitamin A It is expected that the livei oils from the same sources will be muc i 
more potent in vitamin A These fish which are extensively taken in food snou 
foim a very good source of vitamin A 


Our thanks are due to Professor V Subiahmanyan, u sc , f ^ ^ p 

interest he has taken during the course of this investigation and also to lur 
Guha for supplying some samples of fish oils 
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In spite of tbe enormous effort put fortli by workers all the world over in the 
experimental study of leprosy, it may be safely stated that, as yet, there is no clear 
evidence of any one havmg obtained successfully a culture followed by serial 
subcultures of the Bacillus lepra (Hansen) associated with tins disease in man 
The positive cultures reported by some workers from tune to time invariably 
lead to disappomtment when attempts are made by others to confirm the findings 
with all due regard to the technical details prescribed 

Even from findings of experiments on animals, which have given somevhat 
hopeful results in the hands of some workers, the main e^^dence of bacillary proli- 
feration IS based on the recovery of the acid-fast microbes in the tissues and organs 
of certain ammals (very often in abundance) after a varying period of moculation 
of the human bacilb into them This fact is open to the criticism, however, that 
the bacilli so recovered may be no more than the bacdli mtroduced from the human 
lesions, where they are so abundant, bemg somehow only gathered together in 
masses and then encapsuled, or that they may have been arrested while draining 
through lymphatic channels, and accumulated m certam situations like innocuous 
foreign body particles and that therefore they may not be the result of proliferation 
in VIVO m the course of their pathogemc career, such as is evidenced m the case, 
for instance, of tuberculosis where bacillary probferation is intimately associated 
with the specific cell reaction resulting m the production of a tubercle from v hich 


* Tte authors desire to express their best thanks to Lieut Colonel S S Sokhey, i jr s 
Director, Haffkme Institute, for l^dly placing all laboratory facilities at their disposal * 

, They are also mdebted to Dr J S P Rodngues and Dr N Pigurado of the Ac^orth Leper 
Asylum, Bombay, for their kindness in supplying the human lepro'jy material 
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the bacilli aic lecovciable in cultuic Such a criticism gams support from tie 
findings of some of the workers (de Souza-Araujo, 1931) who have been able to 
demonstiate the pieseuce of acid-fast bacilli in the tissues and glands of theanunals 
into vhich they had introduced B Icprcc killed by beat (a finding we have confirmed 
in mice), or even an emulsion of killed acid-fast non-pathogemcmiciobes, likejB phh 
(Fraser and Fletcher, 1914) There is, however, no evidence of this recovery of 
killed acid-fast bacilb being associated with any defimte cell reaction or ceb accu- 
mulation characteristic of any attempt at pathogenesis 

It IS important to note on the other hand (leaving aside the results of inocula 
tion with the so-called successful cultuiesof BaciUtis lepice), that many workers 
have reported on the production of nodules in different animals treated with human 
leprosy material , amongst tliem the following arc prominent Nicolle (1906), 
Duval (1911), Bayou (1912), Reensteina (1926), Francium (1930), >Schobl e(al (1930), 
and de Souza-Araii]o (1931) The value of the lesions reported by these investiga- 
tors IS lost to a certain extent by the fact that similai lesions have also been produced 
by them and others (Kedrowsky, 1918) by the inoculation of cultiues of a variety 
of micro-oiganisms isolated from human lepromata, claimed to be cultiues of 
B leptm, or of bacilli associated, at all events, with this micro-organism Eecently, 
Soule and McKinle)'- (1932) have published a most mteiestmg account of their 
success not only m obtaining serial cultures for eight generations (though tending 
to dwindle each time), but also of then having been able to produce by intracuta- 
neous inoculation defimte gianulomatous nodules of identical structiue m the 
macacus and ciba monkeys both with the human lepious material and with their 
own cultures The latest interesting coiitiibution on the subject is that of Canta- 
euzene and Longhm (1932) who have been able to obtain acid-fast bacillary mvasion 
of even extiapeutoneal lymph glands m rats by mtrapeiitoneal injection of 
filtiates of iepromatous cruslimgs in saline, suggesting a filtrable virus responsible 
for this disease. 


In the face of these histoiical published data the authois ventiue to submit 
the results of then experimental ivoik ■rIucIi was primarily undertaken with 
the object of finding a stage in the expeiimentally -produced lesion which would 
be more favourable foi obtaining defimte cultures viOo Many of these 
results go to confiim the findings of some of the pievious ivoikers, hut a leuj 
being distinct and based on different methods of infection, are reported here 
with the hope of then throwing some further light on the obscure problem ot 
this disease 


Although the intracutaneous method of infection has been adopted by Soule 
and McKinley (1932) and others as being moie successful in mducmg nodules than 
the intraperitoneal, intramiisculai or subcutaneous methods, the present writers 
have confined themselves only to the subcutaneous and intraperitoneal methocis o 
infection 

By adopting these routine methods, howevei, it ivas found impossible 
evidence of expeiimental tiansmission in lats, guinea-pigs and monkeys and so 
times even in mice, with human lepiosy material, even aftei allowing 
for the disease to develop — a finding in conformity with that of Soule and iuc 
(loo cit ) who had also failed by tlie ordiuaiy methods before obtaimng succe 
lesions by intracutaneous methods instead 
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It was therefore decided to alter the procedure of inoeulation with the hope of 
rendering the animal more susceptible to infection The plan consists of an intensive 
method of infection by giving repeatedly weekly injections by the peritoneal ronte 
alone (in the case of mice, rats and guinea-pigs) and then follov mg these up 
(in the case of monkeys) vith subcutaneous injections, and it may be stated 
here at once that this has been frmtful (at least in mice and monlceys) in 
inducing a condition more favourable for the disease germ to implant itself into 
the tissues or to induce at least a local reaction The following is a brief account 
of our experiments — 

The standard flmd used is a citrated saline suspension collected in a test-tube 
from the crushmgs of a fleshly excised human lepromatous nodule (about 
1 cm m diameter and 0 5 cm in thickness in 20 c c of the fluid) It is uniformly 
opalescent and is rich in B leprcE in bundles and individuals, and free from the 
large masses of bacilli which sink to the bottom of the tube, agglutinated and 
entangled m a loose coagulum 


Expebisiental Observations 

Whitemice — These animals bear comfortably a dose of 0 25 c c of the infecting 
material (suspeusion) lutraperitoneally They remain practically normal in habits 
and appe'^rance, although m some mstances one finds intercurrent abscesses, lung 
tumours, even bionchopneumonia (6 m one of our senes of 26)* unconnected wnth 
the inoculation Of those free from such comphcations (20 out of 26)*^ though 
showmg no external signs of any disease, 16 revealed on opemng the abdomen one 
or two minute nodules — no larger than half of a fig seed, greyish white m colour, 
well defined and situated m the omentum near the spleen or m the gastrohepatic 
omentum, or even m the mesentery (Those observed after a year were white in 
colour and more numerous ) They were easilv removed from their bed, being firm 
m consistency These seeds make their appearance even a month after the last 
injection m an animal prepared by six to eight weekly intraperitoneal mjections 
and (from one of the experiments recorded) appear to grow in number though not 
in size by age They also seem to become more prominent after some months, 
being white and hard oivmg to calcium deposit 'W'hen punctured in a drop of 
normal salme solution such a seed or nodule yields an opalescent flmd which when 
smeared_^and3tamed shows a richness of fat and apparently vigorous baciUi as 
though smeared from a bacterial culture tube (Plate XXY, fig 1) These when 
planted on various media, how ever, fail to yield cultures 

A section of a nodule shows that it is made up of a conglomerate of microscopic, 
more or less spherical, umts separated from the neighbours bv loose fibrous 
tissue, the whole encapsuled in a similar structure and contaimng lepromatous 
cells, connective tissue-cells and abundance of B leprcB The body of the 
nodule is a spongewmrk of leproma cells and bacilli which have apparently 
proliferated and after a time have been packed in the interstices (Plate 'XICV 
figs 2, 3 and 4) ' 


J, MR 


* See Appendix 
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The disposition of tlie connective tissue-cells (most of which are lepromatons) 
in the loose spongeworlc .incl in between the septa somewhat concentncallv 
arranged, and the abundance of B tepren packed in the nodules leads one 
to suspect that there has been a regular proliferation of the bacilli and that 
the massive accumulation of the cells of a particular nature and structure 
indicated the formation of a gianuloma characteristic of the disease, and that the 
whole lesion is well cncapsuled in an effort to isolate it from the surrounding 
tissues 


In almost all cases where the lesions aie recent only one seed-like hodi 
is found , but in one animal which had survived over 15 months, 5 or 
6 seeds were detected and were picked up easily , they were chalky white in 
appearance — a condition asceitained as being produced by calcium deposit in 
the spongewmrk 


This observation supports the suspicion of the proliferation of B kprw 
and definite cell accumulation which becomes more pronounced in animals 
surviving for a long time The peritoneum throughout shows no eiidence of 
acute inflammation or adhesions The hmiphatic glands in the upper part of 
the mesenter}’- are sometimes found slightly enlarged, especially m those cases 
where the seeds are not detected, but in all cases the crushings from the glands 
when smeaied on slides and stained reveal acid-fast bacilli (although verj 
sparingly distributed) in the midst of lymphocytes and mononuclear cells, 
some of which contain occasionally 5 to 6 acid-fast bacilli In some sections 
of these glands cell collections are demonstrable as definite granulomata^ and 
m others lymph-spaces, m wdiich aie found masses of glolu (Plate 2XVI, 
figs 5, 6, 7 and 8) 

The spleen is always enlarged but free from acid-fast bacilli, and sectionsshoff 
no definite granulomatous collections of cells as seen in the lymphatic glands in 
all cases, however, large giant cells are prominent These findings m white mice 
go to confirm some of the results of de Souza-Aiaujo, although the lesions ne hau 
obtained are constant in then being small in size, their being found at definite seats 
of election, and their specificity in structure 


White 1 at s — Injections given intraperitoneally with a w''eekly dose of I cc 
for over 10 weeks have faded to induce any definite lesions even after an interval o 
two months of the last inj cction The only evidence of the inoculation is the presence 

of a few scattered bacilli (acid-fast) in the smeais made fiom the mesenteric gians 
which when examined in sections show Ivmphocytic h 3 T>erplasia with a laigc , 
of giant cells in all stages but without any definite gramdomatous foimation 
sparing number of bacilli may be only the dead ones arrested and , 

the lymphatic glands, and acting only as mechanical particles (Plate AAvii, g 
9 and 10) 

Gumea-pigs — These animals treated similarly have yielded nothing 
portance in all the experiments They behave exactly as the w^hite rats, 
sparing number of acid-fast bacilli in the mesenteric glands W'hich show no a 
tion of structure beyond a slight increase in size 

hlonleys — Macacus ohesus used in all the experiments is found 3 ^ 

subcutaneous or intraperitoneal injections as such, of lepromatous crus g 



Plate XXV 














Fig 1 Smear of saline crushings of an omental 
nodule, mouse 2S Ziehl Neelsen, 1/12 x 10 
ocular 


Fig 2 Section of an omental nodule to 
show cellular structure and Ij-mph spaces Hsema- 
tosylin, C X 10 ocular 












Fig 3 Section of omental nodule, mouse 
25, to show the general arrangement of fibrous 
strands and cells and acid fast bccdli Ziehl- 
Neelsen, C X 5 ocular 
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Fig 4 Part of same as in Fig 3 Ziehl Neelsen, 
1/12 X 5 ocular 










Plate XXVI 










Fjg 5 Section of mesenteric gland, mouse 28, 
to show early and late gianuloniatons formation 
(lighter parts) H'eraatoxj lin, C X 5 ocular 


Fig 6 Part of same as in Fig 6 Hiematoxy 
lin, 1/12 X 5 ocular 
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Pitr 7 Section of mesenteric lymph gland, 
mouse 26, to show the general lymphoid hyperplasia 
and lymph-spaces filled with globi Ziehl-JSTeelsen, 
C X 5 ocular 


Fig 8 Part of same as in Fig ' 
sen, 1/12 X 5 ocular 











Plate XXVII 
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(2) Definite pathologicol lesions are produced by an intensive method of infec- 
tion, which consists of seveial intraperitoneal injections repeated week after weeh , 
but these effects aie not the same for all the animals 

(3) Guinea-pigs and white rats remain refractory to intraperitoneal injections 
and show no obvious lesions Their mesenteric glands, however, become 
slightly enlarged and reveal lymphocytic hyperplasia rich in giant cells with 
only a very sparing distribution of acid-fast bacilli but no defimte granuloma 
formation 

(4) White mice develop after 6 weeks or more even with a course of 4 to 6 
intraperitoneal injections, definite, though minute, seed-like nodules situated as a 
rule in the gastrosplenic omentum, sometimes in the gastrohepatic omentum, 
and occasional!}’ in the mesentery These nodules are made up of aggregations 
of cells enclosed in a fibrous capsule, and packed with apparently vigorous 
acid-fast bacilli, suggesting a well-marked bacillary proliferation Mesenteric 
glands show defimte specific granulomata, but with less pronounced bacillary 
invasion 

Boiled human lepromatous material similarly injected 6 to 8 times intrapento- 
neally into mice fa ils to produce nodules but acid-fast bacilli, sparmgly distributed 
are demonstrable in the mesenteric lymph nlands which show distinct lymphocytic 
hyperplasia 

(5) Macacus monkeys remain apparently well after a course of several 
intraperitoneal injections But after a course of 8 to 12 such injections repeated 
weekly they become sensitive to subcutaneous introduction of human leprosy 
material which each time excites in them (after 16 to 20 days) a remark- 
able specific granulomatous tumour formation (progressing for several weeks 
befoie their gradual but complete absorption) with characteristic structure, 
but with only scanty distribution of acid-fast bacilli — in contrast with the 
lesions in mice where the ratio of cell proliferation to the bacillary content 
IS reversed 

(6) Cultures in vitio from human as well as from experimental lesions at 
different stages of their development have so far entirely failed 
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Appendix 


Mouse 

number 

Post mortem 
date 

Number of 
injections 

Period of 
injections 

Lesions 

Eesults and 
findings 

20t 

2S-1-33 

3 

15 months ago 
30-10-31 to 
13-11-31 

Multiple 

nodules 

Abundance of B 
hprcB in nodules 

24* 

23-2-33 

10 

30-11-32 

to 

18-1-33 

Nodules, 2 

Do 

25t 

24-2-33 

10 

30-11-32 

to 

18-1-33 

Nodules, 3 

Do 

Sections show B lepics 
masses Lymph 

spaces enlarged 

27t 

S-3-33 

10 ] 

30-11-32 

to 

("No nodule 

Negative 

28t 

2S-3-33 

10 f 

18-1-33 

[Nodules 

Full of B lepras 
Glands g r a n u 1 o 
matous Sections 

also full 

32* i 

25-3-33 

6 

1-2 to 22-3-33 

Nodules 

Do 

33t 

13^33 

6 

1-2 to 22-3-33 

No nodule 

Negative 

34t 

18-4-33 

6 

1-2 to 22-3-33 

' 1 

Nodule, 1 

Lj-mpbatic gland en- 
larged, full of B 
leprae 

35t 

19^33 

6 

1-2 to 22-3-33 

Nodules, 2 

Do 

45t 

28-4-33 

i 

4 

30-3 to 19-4-33 

No nodule 

Abdominal abscess 
shows j5 feprcE and 
streptococci 

46t 

1-5-33 

4 

30-3 to 19-4-33 

Nodule, 1 

Full of B lepra 

47* 

14-5-33 

decomposed 

4 

30-3 to 19-4-33 

Nodule, 1 

Full of B lepra, 
septic Scrotal 
abscess Inguinal 
gland B lepra 

48t 

17-5-33 

4 

30-3 to 19-4-33 

No nodule 

Mesenteric abscess 
Pus shows D lepra 

49* 

16-5-33 

4 

30-3 to 19^33 

Decomposed 


sot 

24-5-33 

6 

30-3 to 10-5-33 

No nodule 

Negative 

Sit 

29-5-33 

6 

30-3 to 10-5-33 

Tiny nodule 

Full of D lepra 

s2r 

29-5-33 

6 

30-3 to 10-5-33 

No nodule 

Patch on liver full of 
B lepra 


♦Died 


tKiUed 
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Appendix — concld 


Mouse 

number. 

Post-mortem 

date 

Number of 
injections 

Period of 
injections 

Lesions 

Eesults and 
findings 

54t 

7-0-83 

6 

30-3 to 10-6-33 

No nodule 


65t 

8-0-33 

6 

30-3 to 10-6-33 , 

1 

Nodule and 
gland 

Pull of P hprcB 

66t 

22-6-83 

« 

30-3 to 10-5-33 

Nodule 

Do 

63f 

1-6-33 


' 26-4 to 31-6-33 

Nodule 

Do 

64* 

12-0-33 

0 

26-4 to 7-6-33 

Nodule 

Do 

65t 

12-6-33 

0 

26-4 to 7-6-33 

Nodule 

' Do 

66 

Died 0 t 

an a c c 1 d e 

! n t No 

post-mort 

^ e m 

67t 

12-0-33 

6 

26-4 to 7-6-33 

Nodule 

Pull of B hprcB 

68t 

7-6-33 

6 

26-4 to 31-5-33 

Nodule 

Do 


♦Died fKilled 


! 
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Clinical aucl epidemiological observations have led to the enunciation of 
the hypothesis that kala-azar in man is always secondary to some infection 
which determines his susceptibihty and that in India this infection is usuallv 
malaria or t)'phoid, this hypothesis has been supported by a number of 
laboratory observations which ve, the present writers and their co-workers, have 
reported from time to tune 

In certain preliminary experunents it was noted that Macaca iius monkeys 
that had been infected ivith a monkey plasmodium v ere yevy susceptible to leish- 
mama infection, and it was decided that a series of experiments u ith controls should 
be carried out to ascertain if there nas any evidence that the malarial infection 
increased the siisceptibdity of these animals 

Twenty-four monkeys were employed m this senes of experiments , the number 
employed was limited not so much on account of the expense of obtainmg the 
monkeys as on account of the difficulty of cagmg and housing a larger number of 
animals for the comparatively long tune that it is necessary to keep these animals 
under observation 

Two species of monkey were used, Macaca mulatta and Macaca irus The 
results of the experiments with each species will be discussed separately 

( 553 ) 
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The Effect of Plasmodial InfecUon zn Monlceys 

. Macaea mulatta 

These were divided into three groups each consisting of three monkeys 
Group A monkej^s were inoculated witli the plasmodium, hut tlus infection was 
kept in check by the giving of quinme (or atebrin) for about three months , two 
were then inoculated intraperitoneally with doses of 0 6 and 1 0 c c of a spleen and 
liver emulsion of a leishmama-infected hamster and one monkey was inoculated 
subcutaneously with 1 0 c e of the same emulsion Group B monkeys were 
similarly inoculated with leishmania, but without any previous plasmodiiun inocu- 
lation Group C monkeys were first inoculated as above with the leishmanip- 
infected material and then tvm months subsequently with the plasmodium infection , 
one of the monkeys in the last group died of malaria despite ticatment 

Results — Tvo other monkeys died at twm and thiee months respectively after 
the leishmama inoculation, and the others weie sacrificed after about six months, 
smears and cultures being made from their oigans There was no evidence of 
leishmania infection in any of these monkeys 


Macaca iius 

The monkeys weie similaily divided into three gi oups, the difference being 
that there were five monkeys in each group, that three in each group were given 
intraperitoneal injections and two subcutaneous injections, and that in group A 
cases the leishmania was given 10 days after the plasmodium inoculation m three 
and one month and six weeks, respectively, in the otlier two 

Result — Gioup A One monJeey died within six days of the leishmania inocu- 
lation and should not be considered Three out of the remaining four became 
infected with leishmania which infection was demonstrated after 3, 4 and 8 months, 
respectively, and the fourth was found dead seven months latei , he had an enlarged 
spleen, but no leishmania could be found in the smear 

Gi oup B Three of these weie found infected at the end of 3, 7 and 11 months, 
respectively two were sacrificed after 9 and 12 months, respectively, and were 
found negative to both smear and culture 

Gioup C One was found infected after 8 months and one that was found 
dead after 5 months was negative to smeai examination , three were sacrificed after 
8 and 9 months, respectively, and proved negative culturally 

These results are very inconclusive In the M mulatta groups theie is no 
evidence of any increased susceptibility following malaiial infection In tlie 
M 11 us groups, comparing group A with the other two groups we see that 
there were in groups B and C five monkeys which w'ere proved to be uninfected 
as against none m group A (as in the case of the monkey in this group that died no 
culture was possible) Thus, taking the most optimistic view and leaving out of 
account the monkeys that were not examined culturally, we have three out of 
three positives m group A, i e , following plasmodium infection, and four out of 
nine positives in the other groups , but it is doubtful if even this difference can be 
considered significant as the numbers are so small As the ‘ control ’ monkeys 
show some susceptibility to leislimania infection, the experiment would have to 
be repeated on a very large scale before one could hope to show any difference in 
susceptibility that could be considered significant 
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HffiMATOLOGICALLY CONTROLLED EXPERIMENTS 

As M irus monkeys nre frequently found infected witk this plasmodiiim in 
nature and as they show little morbid reaction to infection it might be argued that 
they have all had malaria at some time or other and are consequently all suscep- 
tible to leishmama We therefore decided to attack the problem from a slightly 
different point of view 

It has been shovn in a previous paper (Krishnan, Lai and Napier, 1933) that 
there is a considerable difference in the histiocyte response to plasmodial infection 
on the part of different individual monkeys, and we have suggested that it is with 
this histiocvte response that the susceptibibty to leishmama infection is associated 
We therefore decided to select monkeys for these experiments in winch there was a 
marked histiocyte response and choose the tune for inoculation when this response 
was at its height 

Four such monkeys (ill ints) were chosen at tunes v hen their histiocyte counts 
^ ere betv een 16 and 25 per cent , two were given 0 5 c c of spleen emulsion from a 
leishmama-infected hamster, and two were given 0 1 c c of a flagellate culture of 
leishmama 

Result — All four became infected , in three the infection was demonstrated 
after four months and in the other the liver puncture was ‘ doubtful at four months 
but positive at 8 months 

Controls — There were unfortunately only two controls in this experiment, 
one was a monkey which had been infected wuth malaria, but in which there was no 
histiocyte response, and the other w'as a normal monkey, they received the same 
doses of spleen emulsion and flagellate culture, respectively At eight months 
they were sacrificed and both smears and cultures were negative 

In this second experiment the results were more clear-cut, but again the numbers 
were small 


Conclusion 

M mulatta monkeys enjoy a degree of immumty to infection with Leishmama 
donovani , by previous or subsequent inoculation with a plasmodium infection, 
wluch was kept in check by quinine administration, wn were not able to reduce 
this immunity to any appreciable extent 

M irus monkeys possess a lower degree of immunity to leishmama infection, 
and there is some — though not very conclusive as the number involved in the expeii- 
ment was small — evidence that this is lowered during the process of response to a 
plasmodial infection 
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The first case of post-kala-azar dermal leishmaniasis was reported in 
1922 , dming tlie next few years single cases were reported, all of them from 
Bengal In 1927 a series of 44 cases, seen during the previous year at the 
Calcutta School of Tropical Medicine, uas leported, and a second series of 150 
cases was reported from the same institution in 1930, again these were all from 
Bengal In 1928 a case was reported from Assam and a second one in 1929 
A few other cases had been seen in Assam, but in the present writers’ combined 
experience in the provmce, which included a number of years of the epidemic 
period m a heavily kala-azar-infected area, some four or five cases only were 
seen by them Dey (1929), who reported the second case referred to above, 
wrote, ‘ In my experience extending over a period of four years on kala-azar duty 
m the most heavdy-infected areas of Nowgong (Assam) I have come across 

only this one case ’ 

As during the last 10 years the total incidence of kala-azar m Assam 
has been much greater than that m Bengal, relative to the population, this 
comparative rarity of the disease in Assam seemed to leqiure some explana- 
tion Both the writers had had personal experience in the province, but 
nevertheless they had never undertaken any systematical search for cases of 
this condition In Madras from where feu cases had hitherto been reported 
but where the relative incidence of kala-azar was much less, a number of cases 
of dermal leishmaniasis were found when the matter was espemaUy investigated 

( 557 ) 
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We therefore decided to visit A<^sam with the object of finding out whether 
tins rarity of dermal leishmaniasis was real or apparent It was arranf^ed 
that the senior wntei (L E N ) should visit tea-gardens and examine the 
labour forces, and that the junior v liter (E 0 AS) should tour the 
villages in the endemic area, paying special attention to places where there 
had been, or still were, kala-axar treatment dispensaries 


VlLLAGn INVISSTIGATION 

The junior VT:itcr (BOAS) visiled the villages aiound Gauhati and Goalpara 
that were reported as having been very Jieavily infected during the epidemic 
years He made inquiries from the local doctors, from the kala-azar and leprosy 
dispensaries, and from the large hospitals, he visited ' hats ’ where in a few hours 
he was able to see thousands of people, and in a few instances visited the villages 
themselves where he saw as many people as he could persuade to come out of their 
houses , in some of these villages he was told that the whole population bad received 
treatment for kala-azar Altogether he must have seen over 5,000 people suffi- 
ciently closely to spot any facial lesions, and some 500 which he was able to examine 
more closely 

In one village of between 300 and 400 inhabitants 310 persons had been 
treated for kala-azar , in this village 80 persons who had had kala-azai were 
examined and one case of dermal leishmaniasis found Again at a large ‘ hat ’ 
in the centre of an intensely-infected area where the local dispensary had treated 
4,999 smce 1919, one case was spotted out of not less than 1,500 persons 

Altogether the jumor writer found tliree cases himself and had his attention 
diawn to three others by local medical men He also heard of a few other ca'^es 
in which this diagnosis had been made, but he was not able to see them and confirm 
the diagnosis 

Of the SIX cases seen four were indigenous inhabitants of Assam, two were of 
Bengali stock but had hved in Assam for many years 


Tea-garden investigation 

We had previously circularized the doctors in districts in Assam where kala- 
azar was known to be prevalent and had obtained promises of co-operation Here 
therefore it was possible to make a closer personal search for individuals suftering 
from dermal leishmaniasis The procedure that was adopted was to Ime up as 
many coolies as possible, and to make the men and children uncover their bodies 
down to the waists , the senior writer then passed slowly down the line examining 
the faces, hands and arms, abdomens chests and backs, and thighs, legs and feet 
of each individual ; the women were told to loosen their clothes so that their backs 
could be examined easily and they were then examined in the same way 
that the exammation of their chests was hmited to parts above the brea'^ts The 
manager of the garden and the assistant medical officer were present and pointed 
out any persons who were known to have had kala-azar , a count was kept of the 
number examined and a separate count of those known to have had kala-azar 
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Results of the investigation on sei en gardens where this procedure was adopted are 
given m detail in the following Table — 


Table 


Dermal leishmaniasis in Assam 


Tci 

girden 

O 

c 

Q 

a, 

o 

Coolioa seen at muster 

S u 
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o 

Sr: 
c ~ 
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t 

JT c 

o t: 
^ > 
O d 
o ^ 
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o 

r 

c 

gs 

s 

u ^ 
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II 

c 

o 

o 

'H 

o 

G 

- 

u, 

d 

'd 

Since 

UesIAKIvS 

A 

1,400 

SQO 

21S 

0 

487 

0 

1922 

Steady incidence, last jear 
74 cases 

B 

900 

Many 

9 

0 

High 

1022 


C 

2,000 

1,207 

145 

1 

j 393 

1926 

Heavilj infected from 1919 

D 

1 100 

609 

60 

0 

1 

1 267 

1023 


E 

I 500 

490 

35 

0 

^ 105 

1027 

Previously very heavily in 
fected 

F 

2,500 

70 

70 

0 

1 400 

1923 


G 

1,000 

503 

40 

' 0 

1 

' High 

1 

1 

1924 



Most of these gardens were in the Kowgong area The definite case of dermal 
leishmaniasis (confirmed microscopically) that was found v as a Milor (an aboriginal 
from the ^Iihar Hills Assam), who had worked on the garden for a number of years 
He nas not amongst the coolies pointed out as having had kala-azar, but when 
questioned he admitted that he had suffered from a fever for which he had received 
a number of injections at a d’spensary m the neighbourhood 

We did not take into account the place of origin of the coobes examined , short- 
term coobes and those that had only recently arrived were not usually examined 
and are at any rate not included in the figures given in the Table Many were 
indigenous inhabitants of Assam but the majority were of immigrant stock though 
they had been born, or had been bvmg for some years on the gardens There is venr 
bttle, if any, reermtment of labour for the tea-gardens m known kala-azar endemic 
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In other gardens rrhcrc it was not convenient to examine a large number of 
coohes in this way, a few that were Jcnown to have had kala-azar were collected 
at the hospital and examined In all the gardens visited the assistant medical 
officers were questioned carefully as to the occurrence of the lesions of dermal 
leishmaniasis and in many instances patients with various skin lesions rveie 
produced for examination 

In the Golaghat area amongst the gardens visited were two where during the 
epidemic years there had been a very high incidence of kala-axar , in one garden 
there had been 350 cases in a total population of about 1,700 during the first few 
years of the epidemic period, and m the other, a garden with a population of about 
2,800, there had been 367 cases betw'een 1921 and 1924 The medical officer, a 
■well-qualified Indian doctor, had been employed especially on these two gardens 
to deal with the kala-azar cases throughout the epidemic period and w^as now' in 
medical charge of the gardens He had been on the lookout for the dermal lesions 
and had diagnosed foin such cases He was able to produce three of these patients, 
and there was no possible doubt about the correctness of the diagnosis in the 
fourth case the condition had apparently cleared up A particularly interesting 
point about these patients was that thiee were related to one another and that 
they were all imported from the same district in Oiissa, namely, Sambalpur — a 
place which, though not generally recognized as a kala-azar endemic area, is not far 
from the heavily-infected endemic aieas in Bengal These patients contracted 
kala-azar on the garden but very soon aftei their arrival, and the medical officer 
stated that many coolies had arrived from this district actually with the infection 
A similar statement was made by other medical officers regarding Sambalpur 
coolies 

A number of gardens were visited in the Bokakhat, Mariam and Tinsukia 
areas , in these areas the disease has never assumed epidemic proportions and m 
the last-named particularly the cases of kala-azar seen or reported were mostly 
imported No cases of dermal leishmaniasis were seen or reported in these areas 

A few ‘ hats ’ were also visited, but again no cases w'ere found 


Discussion 


Although it IS not allowable to base anv far-reaching conclusions on negative 
observations, it can, we feel, be claimed after a systematic examination of about 
4,000 coolies of whom at least 567 were known to have had kala-azar, w'ltli the 
finding of only one case of dermal leishmaniasis, that the condition is rarer than it is 
in Bengal or Madras Comparison can be made with the finding of 6 cases in 120 
persons examined in Bengal (Napier, 1931), and 5 cases in a comparativel-^ small 
village area m Madras where s; 5 'stematic examination was not carried out (JSapicr 
and Krishnan, 1933) 


The other observations provide contributory evidence, but in addition they 
suggest that it is the western parts of the Assam valley that provide such case'^ o 
dermal leishmaniasis as are to be found in the province 

The observations provide further evidence for the theory that the dermal 
lesions are phenomena of host-parasite adjustment There is considerable evidence 
to show that kala-azar first invaded the western end of the valley , here cases ot 
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dermal leislimaniasis are to be found, tbougb comparing the incidence with that in 
Bengal they are rare In the Nowgong district \ihere kala-azar is known to have 
existed at least 40 years one case was found, but there is little evidence of the 
existence of dermal leishmaniasis amongst the indigenous population further east, 
in the districts invaded bv kala-azar in comparatively recent years, though 
admittedly our personal investigations were not so thorough The few cases 
encountered vere amongst coolies imported from a place which is geographically 
much nearer to the old endemic areas in Bengal (and which indirect evidence 
suggests is an endemic area itself) 


Our thanks are due to the Inspector-General of Civil Hospitals, to the Director 
of Public Health, to many Civil Surgeons and Special Kala-azar Officers, and to a 
number of tea-garden Medical Officers and their assistants for information and 
valuable assistance in this inquiry 
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EFFECTS OF INSULIN ON THE CONTRACTIONS OF THE 
INTESTINAL JIUSCLE 


BY 

S PRASAD, B sc , MB 

{From the Department of Physiology, Prince of TFa?es’ Medical 

College, Patna ) 


[Received for pnbbcation, August 7, 1933 ] 


The exp,eriments were performed on the isolated intestinal muscle of full 
gro-ftm rabbits, fed on normal diet The animals -u ere killed by air embolism A 
piece of small intestine, distal to the duodenum, was rapidly isolated from its mesen- 
teric attacliments, cut and immersed in oxygenated T} rode solution The Tyrode 
solution used was that employed b}^ Magee and Reid (1927) as this was found most 
smtable for rabbits here Instead of a Burn-and-Dale bath, a special bath of 
galvanized tin, paraffinized internally, was improvised locally It consisted 
of a central chamber where the intestine was hung in oxygenated Tyrode solution 
The central chamber was surrounded by a water-jacket to keep the temperature 
of* the Tyrode solution constant at 38°C The whole bath was placed on a 
V, ooden stand, which v as fitted with electric bulbs for keeping the temperature 
constant 

In order to have a frontal writing point, a special writing point vas 
improvised as shown in the Text-figure To the lever made of a thin and 
light rectangular aliumnium rod, a D-shaped thin brass-rod was attached 
The vertical limb of the D-shaped rod i\as joined to the curved hmb by hinges 
To the centre of the vertical limb was attached the writing point made of fine 
glass capillary It had a vertical and tvo horizontal limbs The centre of 
the vertical lunb was fixed to the vertical limb of the D-shaped rod The 
end of the lower horizontal limb was ball-pointed and was made to write 
against a slow movmg drum of an rmpro^used kymograph (Narayana, 1931) 
To the upper horizontal hmb was attached a weight of one gramme to 
keep the lower lunb against the smoked surface The above bath and VTiting 
J, mb ( 563 ) 7 
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point have been used satisfactorily for a number of experiments where record 
of intestinal contraction was necessary (Prasad, 1933) 




WRITING POINT 



SHAPED ROD, 



Text-hotthe 


After the isolated piece of intestine was hung in the oxygenated Tyrode 
solution as mentioned above, it was allowed to contract for about half an hour so 
as to ensure regular and systematic contractions before insulin was administered 
All these contractions were recorded The drug was then added in the quantity 
requisite to make up concentrations of 1 in 10,000, 1 in 5,000 or 1 in 1,000, 
etc, as required It was found that weak dilutions such as 1 m 10,000 showed 
very little or practically no effect either on the amplitude of contraction or 
rate of movements or tone of the muscle A dilution of 1 in 5.000 had some 
effect in dimirushing the amplitude of movement but no effect on the tone 
of the muscle could be noticed A dilution of 1 in 1,000 diminished the 
amplitude of movement and also the tone of the muscle to some extent (Curve 1) 


Curve 1 



Insulin 1 in 1,000 added at the arrow mark 
tracing at interval of 3 seconds 


The dimini shed amplitude continued for about 6 minutes when recovery too ' 
place Complete return to the original amplitude of movement and tone of t e 
muscle was seen m 5 to 10 minutes depending upon the concentration m wJiicli 
insulin was added The rate of movement u as not affected 
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The recovery process, after adflitioii of uisulin, i^as hastened by the addition 
tjf vasopressin, the tone of the intestinal muscle being laised and the amplitude of 
movement being increased to a maiked extent (Curve 2) 


Curve 2 



Insulin 1 in 1,000 , later v'lsopressm 1 in COO added 
finie tracing at interval of 3 seconds 


The effect of insulin on the intestinal movements v^as abohshed by previous 
addition of atropine in suitable concentration After adding atropine to the fluid 
in concentration of 1 in 1,000,000 the subsequent addition of insubn 1 m 1,000 
had little effect But addition of atropme in concentration of 1 m 100,000 
practically abolished the effect of insahn 1 m 1,000 (Curve 3) The action of 
insulin therefore appears to be on the nerve-cells or nerve-endings rathei than 
directly on the muscle Insulin appears to act as a depressor of the vsgal system 
as the effect is abolished by the addition of atropine 


Curve 3 



Atropine 1 in 100,000, later insulin 1 in 1,000 
Time tracing at mtervol o{ 3 seconds 


Further, it was found that the utibzation of glucose, present in the Tyrode 
solution used, by the isolated intestinal piece vas decreased under insulm Two 
scries of experiments were caiTied on In one series the intestine was allowed to 
contiact for three hours in oxygenated Tyrode solution without any drug to serve 
as a control In the other series insulin was added, usually in three doses, each 
time in a quantity sufficient to make up a concentration of 1 in 1,000 in the Tyrode 
solution The intestine was allowed to recover and contract normally for some time 



566 Effects of Insuhn on the Gonti actions of the Intestinal Muscle 

before the second dose of insulin was given It was found that the amount of 
glucose utili/icd per 100 grammes of the intestinal piece m the first senes, varied from 
300 to 400 milligrams, whereas m the second senes the amount of glucose utibzed 
per 100 grammes of the intestinal piece was decreased, varying from 100 to 200 
milbgrams as shown in the Table below This was due to the fact that the contrac- 
tion of the intestine, in the second series, was interfered by the addition of insuhn 
The glucose in the solution was estimated by the method, described by Shaffer and 
Hartman (1920-21) for determining small amounts of sugar In ordei to avoid 
the presence of insulin, mucus and other albuminous matter m the solution, filtrates 
were obtained by employing the Folm IVu tungstic acid precipitation 

Table 


Glucose uhhzaUon 'pei 100 grammes 
of intestine 



Control, 

mg 

Under insulin, 

mg 

24-2-32 

286 

187 3 doses 

26-2-32 

346 

205 3 „ 

28-2-32 1 

400 

230 3 „ 

2-3-32 

397 

212 2 „ 

8-3-32 

299 

153 3 „ 

4-3-32 

397 

212 3 „ 

14-3-32 

410 

102 4 „ 


Summary op results 

Insulin m a concentration of 1 m 10,000 had no effect on rate or amplitude of 

contraction or tone of the muscle 

„ „ 1 in 5,000 caused diminution in amplitude 

„ „ 1 m 1,000 caused greater dnninution m ampli- 

tude of contraction Tone of the 
muscle also lessened 

These findings corroborate the finding of "Winter and Smith (1923) 
who also noticed these effects of msuhn 
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CoKCLtrSION 

Insulin in appropriate concentration lessens the amplitude of contraction of 
isolated intestinal muscle of rabbits It also lessens the tone to some extent Later 
on the normal amplitude and tone are regained The recovery process is hastened 
by the addition of vasopressin Insulm perhaps acts on the nerve-cells or nerve- 
endings as the effect is abobshed by the previous addition of atropine 

The msabn used was the product of Elli LiUv & Co , U S A , containmg 
20 umts per c c 
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OBSERVATIONS ON FILARIASIS IN SOME AREAS 

IN INDIA 

Part X 

GWALIOR STATE iREA 


BY 

VISHNU T KORKE 

{From the Central Research Institute, Kasauli ) 


[Received for pnbbcation, August 16, 1933 ] 


In continuation of the inquirv into the distribution of filarial infection which 
has been camel out in difierent parts of India presenting different geographical 
and climatic conditions, an investigation into filariasis in areas of Gwahor State 
in the Central India Agentv was undertaken under the auspices of the Indian 
Research Fund Association, between the dates of 26th January and 13th February, 
1933 

From the epidemiological vienpomt, it was considered important to observe 
the physical characters that favour the spread oi restrict the progress of the disease, 
for, although the infected aieas are shown to be widespread in India (Acton and 
Sundar Rao, 1931, see Map of India), heaiw filarial incidence appears to be restricted 
to areas possessing certain defimte physical conditions 

AMiiIe studying filariasis in the provinces of Bihar and Orissa and in the Punjab 
it was observed that there appeared to be some correlation between low altitude of a 
land and associated rice cultivation and the occurrence of filariasis (Korke, 1932) 
The area dealt with in the present investigation possessed difierent physical 
features 

The blood material for this investigation vas derived from difierent sections 
of population and in relation to the physiograplncal conditions of the State 

The class of population and the centres at which they were examined were 
convicts at the Central Jail, Gwalior, patients at the Java Arogya Hospital, 

( 569 ) 
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XiasUcar , military population at tlie Brigade Hospital, Lashlcar , and convict and 
hospital population at the Central Jail and State Hospital, U]]ain centre 

A fair number of persons examined at the above centres had their residential 
addresses outside the State areas, and they are therefore shown as coming from 
then? own respective areas in the table of ‘ Persons with filarial mfection m 
relation to distribution m different areas ’ in the body of the paper 

In all one tliousand and forty-one persons were examined The blood 
material was taken during mght hours of 7 p m and 10 p m at Gwalior 
and 8pm and 12 am at Ujjain, and the thick films were treated with 
recognized methods of staining 


A Physical aspects of the Gwalior State {Gazetleei of 

Cential India, 1908) 

The Gwalior State is tlie largest treaty state in the Central India Agency, 
with an area of 25,041 squaie miles, and is composed of several detached portions 
but may be roughly divided into two, the Gwalior oi northern, and the Malwa 
section The noi them section consists of a compact block of teriitory, lying between 
22°10' and 26°52' N and 74°38' and 79°8' E , with an area of 17,020 square 
miles The Mahva section, with an area of 8,021 square miles, is made up 
of several detached districts, betw'een which portions of other States are interposed 
{see Map) 

The State falls mto thiee natural dmsions, convemently designated the plain, 
plateau, and hilly tract Briefly stated, the zilas (districts) of Sheopur, Tonwar- 
ghar, Bhind and Gwalior Gud are the plains areas ranging from about 500 to 900 
feet above sea-level, with a combined area of 7,763 square miles and an average 
density of population about 167 per square mile The zilas of Harwai and 
Isagarh are at the commencement of the Malwa plateau, wath a combined area 
of 7,632 and an average density about 85, and at an elevation of about 1,000 
and 1,200 feet 

The Malwa plateau encloses the zilas of Bhilsa, Shajapur, Ujjain and Mandasor, 
with an average elevation of 1,500 feet and a combined area of 8 345 and an average 
density of about 106 The zila of Amjhera is a hilly tract, with a mean elevation 
of 1,800 feet and an area of 1,301 and density of 74 

Jowar IS the principal crop, covering 1,807 square miles of the total cropped 
area in Ichalsa land, wdiile gram (952), wheat (467), hapa (341), maize, barley, 
arhar and rice (66) are also cultivated The chief crops are thus dry crops 

The climate of Cential India is, on the whole, extremely healthy and is 
mfluenced by the Indo-Gangetic plain on the north and the lofty barriers of the 
Vmdhya and Satpura ranges to the south These two parallel ranges give a westerly 
direction to the wmds 

The average rainfall of Central India for tw^enty-five years ending 1901 
IS 41 30 to 44 98 inches in the Eastern Section (Satna and Howgong) and 29 39 to 
32 70 inches in the Western Section (Neemuch and Indore). 
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The vanation in the humidity of Central India during the year is also 
vci} marked, there being two distinct periods of maximum and minimum 
The period of minimum humidity during the summer months occurs in March 
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and April on the plateau, and in April and May in the low-lying area, while 
m both areas November and February are the least humid of the winter months 
In August in summer, and in January in winter, the humidity reaches a 
maximu^m 

The nieteoiological conditions of the plains and plateau areas of the Gwalior 
State should necessarily difter No meteorological station is maintained on the 
plains area of the State but the records for Jhansi or Agra (824 feet and 554 feet 
above sea-level), the adjacent areas situated respectively about 60 and 70 miles 
south and noith of Givalior, may be taken as representing the conditions in the 
aiea The temperature and humidity conditions of these two areas are practically 
identical and Graph 1 represents tlie average temperature and relative humidity 


Geaph 1 


Apr. Jul? Oct. 

100 



JHANSI (824 feet) 

Temperature — Humidit) 


ment (1914) 
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Tlie meteorological conditions of the plateau area of the State are represented 
by Neemnch and Indore (1,626 feet and 1,821 feet above sea-level), ivhich agam 
are practically identical as regards average temperature and relative hnmidity 
and Graph 2 represents these conditions at Indore 


Graph 2 


Jah. Ape. Juuy Oct. 

100 



30 

DJDOEE (1,821 feet) 
Temperature . 


For purposes of comparison of the climatic conditions in Gvalior State with 
those of other areas in India showing varying mcidence of filarial infection, the 
relative figures of average temperature and humidity of a type plains area in the 
Gangetic Belt of Bihar and Orissa like Patna (179 feet above sea-level) and a 
type plains area in the Punjab like Lahore (702 feet) have been given below in 
Graphs 3 and 4 
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PATNA (179 feet) 

Temperature < „ Humidity — #_*_• — 


Geaph 4 
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B Filariasis in Gwalior State 

The blood of one thousand and forty-one persons examined at mght between 
the hours of 7 p m and 12 a m in the Gwalior State area showed microfilaria m 50 
persons or 4 8 per cent The type of microfilaria found m the blood was Wuclierena 
bancrojh 

C Analysis or the results 

(1) Tlie tollowing figures show the number of persons with filarial infection 
in relation to elevation — 


(a) Permanent residents of Gwahor State 


Elevation 

1 

Total examined 

Positive 

Percentage of 
positive 

500 to 1,000 feet 

392 

42 

10 

1,000 to 1,200 feet 

170 



1,200 to 1,500 feet 

300 

2 

0 6 

Totals 

862 

44 

5 1 


(6) Persons resident but coming from other areas (other states m the Central 
India Agency and British areas as U P , C P , the Punjab, N -W F P , Bombay) 


Elevation 

Total eAamined 

Positive 

Percentage of 
positive 

300 to 500 feet 

23 

3 

10 

500 to 900 feet 

49 



900 to 1,200 feet 

41 



1,200 to 1,500 feet 

34 

1 

3 

1,500 to 2,000 feet 

IS 

2 

11 

Over 6,000 feet 

9 



Totals 

179 

j 

6 

3 3 
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(2) Tlie following figures show the number of persons with filarial infechoii 
in relation to distiibution m different areas — 


(a) Permanent residents of Gwalior 


Tract 

District mens 

Total examined 

Positive 

Percentage of 
positn c 

Plain 

j 

Gualior Gird (the 
towns of LashUar, 
Gwalior and 
Morar) 

223 

3b 

16 



Tonwarghar 

% 

1 

1 

i 


Bhind 

79 

5 

6 



Bhilsa and Shaja 
piir 

123 

2 

' 1 6 

Plateau < 


Narwar and Isaghar 

170 


i 



tJjjain, Maudasor 
and Ainjheia 

177 




Totals 

862 

44 

6 


(d) Persons resident but coming from other areas. 


General areas 

1 

Total examined 

Positive 

Percentage of 
posit nc 

From 

Indore 

14 

1 

7 


Other states in 

C I Agency 

76 



tf 

C P 

8 

2 

25 

» 

U P 

59 

3 

6 

9f 

N-W F P 1 

6 



99 

the Punjab 

4 



9f 

Bombay 

13 



Totals 

1 

‘ 179 

6 

i 

3 3 
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There is definite evidence of prevalence of filariasis in the Gwalior State proper 
between the heights of 500 to 1,000 feet , at higher levels as the j\Ialwa plateau is 
approached the incidence falls rapidly 

The Gwalior Gird which includes the towns of Gwalior, Lashkar and Morar 
shows a very considerable percentage of infection amounting to 16 per cent of the 
resident population examined No evidence of filariasis has been found m persons 
coming from other parts of the Central India Agency except from the Indore area 

Immigrants from other parts of India were found infected to the extent of 3 3 
per cent The majority of these came from the Central Provinces and the Uiuted 
Proa inces but the percentage shown is based on very small figures 


(3) The followmg figures show the number of persons with filarial infection 
in relation to age and sex in the Gwalior State — 




Total kxaiiised 

Posirn E 

Peecentacf of 







rOSITn E 


Age 111 \eara 









Males 

Feiinles 



MaV s 

lemalcs 

( 

1 to 10 

10 

1 

1 


1 





10 to 20 

40 

10 


1 

6 

in 



20 to 30 

134 

30 

9 

4 

6 7 

13 

Persous resident 









m arew b^hw < 


30 to 40 

110 

12 

9 

1 

7 6 

8 

1,000 feet lu 


1 







elevation 


40 to 50 

62 

1 

9 


U 5 




50 to 60 

19 

5 

3 

1 

16 

20 



60 to 70 j 

23 

i 

3 

5 

1 

22 

13 

TOTAt5 

407 1 

62 

37 

8 

1 

9 

13 



1 to 10 

1 








10 to 20 

28 

1 

1 

1 






20 to 30 

191 

1 

9 




Persons resident 









in areas abore v 


30 to 40 

154 


1 




1,000 feet in 






1 



elevation 


40 to 50 

128 


1 


07 




50 to 60 

51 








60 to 70 

] 

17 






Totaiis 

670 

2 

1 

1 4 

1 

07 
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(4) The following figures show the number of persons with filarial 
m relation to class and type of population — 


infection 


Typo of popu- 
lation 

Hindus 

JIOHAMMEDANS 

Total 

examined 

Positive 

Percentage of 
positive 

Total 

examined 

Positive 

Percentage of 
positive 

Convict 

608 

5 

OS 

58 

1 

2 

Sehool 

" 19 

1 

6 

1 



General — 







Males 

97 

9 

10 

16 

2 

12 6 

Females 

60 

0 

16 

3 

I 

33 

Military 

141 

12 

9 

37 

10 

27 

Totals 

925 

36 

4 

115 

J4 

12 


2 ^ — In addition to the ahovo total ono Clinstian female \7as esammed sIioTVJDg negatiTO 

result for filanasis 


(5) Average numhei of mtcrofilana in 20 emm quantity of peiiplieial 

blood per slide 

The embryos of bancjofti in 50 positive slides varied from 1 to 50, giving an 
average of 12 4 per slide in positive cases 


(6) Signs and symptoms 

Systematic recoid of the signs and symptoms of filanasis in the persons whose 
blood was examined was not made but from the observations in the wards of tbe 
hospitals fugitive swelhngs and permanent oedemas of the extremities, affections of 
tiimoa vaginalis, and chyluria were not infrequently met with, especially in the 
Gwalior Gird area As regards the Malwa plateau, the Semor Medical Officer, Civil 
Hospital, TJjjain, writes to me to the following effect ‘ We have had only three 
cases of filanasis during the three years, only one of which showed microfilaria in 
hib blood, while the others were diagnosed climcally Only two of these Were from 
Gwalior and one from Orissa I think my leport is valuable to you only fiom its 
negative side ’ 

The incidence of filaiial infection in the Gwahor plains area at an elevation of 
between 500 and 1,000 feet is similar to that found in areas of the Gangetic Belt of 
Bihar and Orissa at an elevation of 200 to 400 feet, the respective figures being 9 6 
per cent for Gwalior State and 9 9 per cent for the area referred to The absence of 
infection at the higher levels of the area under survey (over 1,000 feet) correspond 
to a similar finding at the same level m the Punjab (Koike, 1930u, 1930&, 1932) 
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A marked contrast exists between the physical, clunatic and crop conditions 
of the infected area of Gwabor State and the'Gangetic Belt of Bihar and Orissa, 
although the incidence of infection in these two areas is almost the same 

The endemic area of the Gwalior State is at an elevation of 500 to 1,000 feet 
above sea-level the country being dry and and, while the Gangetic Belt at a lowei 
clea ation (200 to 400 feet) is damp and moist The area in Gwahor State is subject 
to extremes of temperature, while the Gangetic Belt of Bihar and Orissa showing 
an equal filarial incidence is more moderate in cbmatc and more humid The former 
area is a land of dry cultivation, while in Bihar and Orissa rice is extensively culti- 
vated under water These diffeionces in physical, climatic and crop conditions are 
striking and would serve to correct an impression, which has bee'n conveyed by 
previous surveys, that an association of filarial infection with moist humid climate 
and low-lying rice growing areas is an essential one 

The contrast between the incidence of filariasis in the plains area of Gwalior 
State and in the Malwa plateau is definite, and the absence of infection in the latter 
area would indicate that an investigation of the epidemiological factors in the two 
areas might afford an opportumty of determining the influence which various factors 
may have on the spread of infection 

As far as general knowledge regarding the presence of Culev fatigans goes, the 
mosquito has an almost umversal distribution in India, and yet there are wide 
areas also that are free from filariasis and the factors affecting its efficiency as a 
vector of the disease wall probably only be determined by a study along such hues, 
contrasting also the conditions found m other areas of which detailed surveys have 
been made 


(C) COKCLTJSIONB 

1 There is comparatively a high prevalence of filariasis m the Gw’alior State 
proper between the heights of 500 to 1,000 feet, but the incidence decreases as higher 
levels are reached The Gwalior Gird area shows an infection of about 16 per cent 

2 The tiqie of microfilaria observed was 'W%icIterenahanctoJti An average 
number of mierofilaria of 12 4 per slide was found in positive cases 

3 In the "ase of males and females age-groups from 20 to 30 years upw aids in 
persons lesident m areas below’ 1 000 feet in elevation showed the highest incidence 
The highest incidence show n is in the 60 to 70 years group, being 22 per cent and 33 
per cent in males and females respef tively The numbers m the group are, how’ever, 
small 

4 The area surveyed in which endemic filarial infection was shown to exist 
presented marked differences in phvsical, climatic and crop conditions from other 
areas in India showing a similar percentage of infection 
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Recent work on the photodvnamic action of methylene blue on bacteriophage 
(Clifton, 1931) has revealed the interestmg fact that this dye, even in extreme dilu- 
tions, has the property of inactivatmg certain strains of bacteriophage when the 
mixture of methvlene blue and bacteriophage is exposed to light, but is quite inert 
a hen the mixture is kept in the dark 

Clifton showed, fiuther, that the mactivatmg effect was probably due to oxidi- 
zation of the methylene blue as the reaction did not take place in laouo or in an 
atmosphere of nitrogen 

Perdiau and Todd (1933a) repeated and extended Clifton’s studies with the 
same and other strains of bacteriophage They v ere able to confirm his observa- 
tions as to the sensitivity of certain phages to the photodimamic action of methylene 
blue and as to the necessity for the presence of oxygen 

They also proved that the inactivating property of visible hght is only possessed 
by hght of certain nave-lengths and that the interposition of a screening laver of 
methylene blue of sufficient depth prevented the mactivation 

A further important finding of these workers was that the addition of the 
homologous limng bacterium to its bacteriophage greatly increased the resistance 
of the latter to the photodmamic action of the methylene blue, while the addition 
of killed suspensions of the same orgamsm had no such effect 

In a later publication the same workers (Perdrau and Todd, 19336) extended 
their observations to the photodi nanuc action of methylene blue on various filter- 
able mruses 

The results obtamed by them were almost as clear cut as with bacteriophage 
and encouraged us to repeat their work with the virus of rabies with the object of 

( 581 ) 
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Photodyna'imc Action of Methylene Blue 

adding one item to our knowledge of tins interesting plienomenon and intliekope 
that some practical application of the principle might be made 

Experiments with the Parts strain of rabies fixed virus 

Most previous work on tins subject has been carried nut with filtrates of the 
bacteriophage oi virus concerned, although Perdrau and Todd, in the case of canine 
distemper, used a centrifuged suspension of ferret’s spleen The effect of using 
filtrates is to ensure that in the material subjected to the photodynamic action of 
methylene blue there shall be no gross particles the interior of which might either be 
screened by the inteivening tissues from the action of the light used in the expein 
meat or insufficiently penetrated by the methylene blue solution 

In the experiments w ith rabies fixed virus performed by us we decided not to 
use filtrates because our experience has been that filtrates through the usual candles 
give by no means uniform results and that it is not infiequent to find escapes among 
animals inoculated snb-diirally with filtrates of rabid brain material It was felt 
also, that the use of centrifuged emulsions which would contain homologous living 
cells of the infected brain which w as the source of virus would provide the severest 
test of the inactivating power of the methylene blue on the virus 

In this connection it has been shown by Perdrau and Todd (1933n) that, whereas 
the presence in the mixture of living cells of the tissue from which the virus was 
derived gave the latter protection in most cases, even after comparatively prolonged 
exposure to light, yet, the presence of dead cells and of cells from normal animals 
gave practically no protection 

In our experiments therefore where centrifuged suspensions of rabid brain were 
used, the optimum conditions for protection of the virus from the photodynamic 
action of the methylene blue were present 


Materials and methods 


The methylene blue used m experiment I was Methylenblau f Bac Koch of 
Dr G Grubler & Co , and in the subsequent experiments medicinal methylene blue 
(source not known) was used A sheep infected with fixed virus rabies of the Paris 
strain and killed when in a moribund condition on the ninth day after infectaon was 
used as the source of \irus Prom the brain a one per cent suspension in distilled 
water was made by grinding m a mortar with sterile sand This suspensiori was 
centrifuged for two minutes in a hand-driven centrifuge m order to throw 
the grosser particles of brain tissue The resulting suspension was distinct y 
opalescent to the naked eye but, on microscopical examination under a low 
there were no markedly gross particles Examination with high powers siiowe 
an abundance of cellular material 


The light employed by us was daylight In the first three experiments Y-ff 
the diffused bght entering a well-lighted verandah, but in the j 

exposure to bght was made in the open On this last occasion the lign 
from direct sun rays to a diffused bght during the cowse of the . t 

unavoidable factor must have resulted m considerable variation m the ^ 

light to which the materials were subjected at different stages m the exper 
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Combined fujures of four expciwients to test the photodynamic action of methylene blue on rabies fixed virus 
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Photodynamic Action of Methylene Blue. 

Tlie methyleue blue solutions were prepared m daylight in concentrations of 
1 in <3,000, 1 in 10,000 and 1 in 100,000 The virus suspension was also prepared 
in daylight ^ 

The methylene blue solution and the virus suspension were mixed in equal 
volumes lu the darlc-ioom ^ 

Into each of three Petri-dishes of 6 inches diametei were poured 60 c r of the 
methylene blue-virus mixture giving a depth of 5 mm of the mixture This 
resulted m the Petii-dishes eontaining 1 in 10,000, 1 m 20,000 and 1 m 200,000 
dilutions respectively of meth} lene blue These Petri-dishes were then exposed 
to the light while similar dilutions of methylene blue and virus were hept in the 
dark-room to be used on control animals Further controls were provided for 
by the use of virus emulsion mixed with an equal quantity of distilled water and 
exposed to the same light for one and two hours Rabbits were moculated sub- 
durally with the methylene blue-virus dajdight suspension and methylene blue- 
virus dark-room suspension at intervals as detailed in the tables and with the 
distilled watei-viius daylight suspension at intervals of one hour and tvo 
houis The actual infecting dose in all cases was 02cc ofa05 per cent 
fixed virus emulsion which had been centrifuged for two minutes, since the 
original 1 per cent emulsion was m all cases diluted by the addition of an 
equal amount of the methylene blue, or, in the case of the additional controls, 
of distilled water 

In making the sub-duial inoculations the syringes and emulsion containers 
were protected by uon-actinic red paper The results of four experiments are 
given in the Table above 


Discussion 


A study of the Table will demonstrate conclusively the remaikable action 
exercised on the rabies virus by methylene blue in the presence of daylight 

It will be seen that the methylene blue produced no saving effect after two 
minutes’ exposure to daylight After five minutes’ exposure a certain saving effect 
commenced with the higher dilutions of iu( thj lene blue but not yet with the lower 
At eight minutes’ exposure a saving effect commenced with the lowest dilution 
Ten minutes’ exposure appeared to be the critical period for the dose of virus, the 
quality of the daylight and the dilutions of methylene blue used by us At this 
stage there was a complete sa\ing effect in the dilution of methjdene blue 1 in 20,000 
and a 3 out of 4 saving effect in the dilutions 1 in 10,000 and 1 in 200,000 In all 
the periods of exposure beyond 10 minutes there was, with one exception at 30 
minutes with a dilution of I in 20,000, a complete saving of ammals, while all the 
dark-room controls and distilled watei-viius daylight controls succumbed to 


rabies 

So far as the small numbers concerned show it seems apparent that the weaker 
dilution of 1 in 10,000 methylene blue is less effective than eithei of the gieater 
dilutions of 1 in 20,000 and 1 in 200,000 It seems piobable lhat the optimum 
dilution may he between these two figiues, e g , 1 in 100,000 

The reason why the stronger solution of methylene blue appears to be Ic'-s 
effective than the weaker is explained by the experiments of Peidrau and loc c 
alieady alluded to, which showed the inactivating effect of a screen of metJiy enc 
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blue In our experunents tlie lesser saving power of the strongest solution of methj - 
lene blue was due to the screening effect of the upper layers of the methylene blue 
solution 

One interesting point brought out by the results was that the protective action 
of homologou*^ living cells observed in similar experiments with the viruses of herpes, 
Borna disease and fowl plague was not evident in our experiments and this fact 
brings rabies fixed virus into line, so far as this character is concerned, with the 
viruses of loupmg-iU and vaccima 

The question as to whether the photodynamic action possessed by methylene 
blue can be put to any practical application in connection with the virus of rabies 
IS one for consideration and experiments with this object in view are being under- 
taken by us 

StTMMABY Airo CONCLUSIONS 

1 Rabies fixed virus m suspension is highly sensitive to the photodynamic 
action of methylene blue even in very low concentrations of the dye 

2 This sensitivity is apparently not appreciably reduced by the presence of 
livmg homologous cells 
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MOEPHOLOGICAL STUDIES ON EABIES 
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THE SALIVARY GLARES 
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I Introduction 

JIosT diseases whose transmitting agent is known, such as malaria or relapsing 
fever, drSer from rabies m respect of the fact that there is no defimte and dramatic 
act of transmission recognized at the time by the sufferer, such as occurs m rabies, 
where the transmLssion is effected by the bite of a rabid and savage animal This 
very fact of the disease follov ing upon the bite of such an animal pomted inevitably 
to the assumption that mfection was conveved by the saliva on the teeth of the 
annual and such an inference v as drawn by the earhest mvestigators These facts 
being so, it has seemed stiange to us that comparatively so little work appears to 
have been done on the sahvar} glands of rabid ammals and so much on the central 
nervous system This is probably due to the discovery by Negri in 1903 of the 
bodies bearing his name, a fiudmg which has proved an invaluable method of 
diagnosis m street rabies and has led to minute mvestigation of the central nervous 
system by many workers v hile the study of the sahvary glands has been, compara- 
tively speakmg, neglected 

That it has been so neglected, m spite of the studies of a few distmgmshed 
workers such as Manouehan and Viala, is evident from the scanty literature on 
the subject and from the fact that our study of a large amount of rabic glandular 
material, both human and animal, has been productive of the discovery of 
1 arious conditions, which we find constantly present in smtable cases, but which 
we have not seen previously described That the neglect to describe some of the 

( 587 ) 
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appearances seen by us is leally due to lack of study of tbe glands is obvious from 
the fact that these appearances are so striking and so definite that they could not 
possibly be missed by anyone familiar with the normal appearance of sahvary 
glands As will be seen m the description given below some of the appearances 
described by us we are able to explain and even to reproduce m known non-rabid 
animals, while others appear to be normally present but are exaggerated in cases 
of rabies It is in the hope that the description heie given of our findings, togethei 
with the small amount of previously recorded woik on the salivary glands m rabies, 
will lead others to repeat and extend our work, and to criticize it or confiim and 
enlarge upon it, that we have placed on record our observations which are admit- 
tedly still far from being a complete exposition of the changes found in the 
salivary glands in rabies 

II General Structure of the Salivary Glands 

The essential structure of all salivary glands consists of a series of acini held 
together by loose but strong connective and fibro-elastic tissue The acini pour 
their secretion into ducts which, by anastomosis with other similar ducts, gradually 
increase in size and terminate in one or more mam excretory ducts 

IVhile this IS the general character of all salivary glands, minor differences are 
present both as regards structure and function according to the animal being 
considered These need not be entered into here but a short consideration of the 
histology of salivary glands, limited to those essentials only which come in for 
consideration m our observations, is necessary to a full appreciation of the 
description we have given of our findings in the salivary glands of rabid animals 
and man 

The largest salivary glands are the parotid and sub-maxillary and these chiefly 
are the subject of our present study 

In most mammals there is a general agreement as to the anatomical distribu 
tion of the glands but there are minor histological differences and those presenting 
themselves m dog, man and monlcey, which are the ammals we have chiefly 
studied, urll be dealt with briefly 


The pmohd gland 

In each of these animals the parotid gland is situated superficially in the region 
anterior to the ear It is a comparatively tliin layer of gland tissue and sends 
irregular ramifications in all directions from tins central area 

Histologically it is a pure serous gland consisting of acini lined with pyramidal 
cells and having more or less centrally placed sub-spheiical nuclei The cells, 
suitably fixed and stained, contain fine granules of secretion The lumens of tne 
acim are comparatively small under most conditions, the cells more or less filling up 

the acini 

The secretion granules are very sensitive to various leagents and are often 
completely dissolved during the processes of fixation, hardening and staimng an 
m such cases the cjdoplasm has a marked leticulated appearance 
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The suh-maxillary gland 

This IS a more compact gland than the parotid and hes chiefly under cover of 
the loMcr jav but also cmelops its outer surface This is a mixed gland in that 
it IS compo'^ed of both serous and mucous acini and of mixed acim In the human 
sub-maxallarv and, to a lesser extent, in that of the monkey {M 'ihesus) the mucous 
ah eoli are in the mmoritv, forming about one-quarter of the entire gland but in the 
dog the mucous ah eoli greath preponderate 

The mucous cells as usually seen in sections hardened in alcohol are clear and 
swollen, bemg distended wath mucigen with the nuclei situated near the basement 
membrane of the acinus 

In the mixed alveoh the serous cells be next the basement membrane and form 
crescentic margmal areas called demilunes or crescents of Gianuzzi 


The accessory salivary gland 

This IS the name which w e have given to the glandular tissue which is found 
surroimding the duct of the parotid gland The ceUs of this glandular tissue are 
essentially serous in type but differ sbghtly from the typical serous cells of the 
parotid They appear to be ‘somewhat more finely granular and to have less 
tendency completely to fill the lumen of the acmus Closely associated with the 
glandular tissue in this situation is much lymphoid tissue which may, with the naked 
eye, easily be imstakeu for part of the sabvary gland 

III Material ani» Methods 

Fortunately the material which forms the subject of our observations has been 
limited only by our capacity to deal with it It has consisted of naturally occurring 
rabies in man, dogs and other ammals, rabies induced in dogs and monkeys by 
mb'inoculation mto the muscles of the neck of material obtamed from the brain 
of rabbits which had undergone a first passage from a naturally occurring street 
virus, and rabies induced m dogs and monkeys by inoculation mto the neck muscles 
of naturally occurring street nrus The street virus used for inoculation w as some- 
times that obtamed from the brain and sometimes that obtained from the salivary 
glands In all our experunents in this series we have consistently moculated 
ammals into the muscles of the neck, especially avoidmg the mtracerebral, spinal, 
or subdural routes, in order to reproduce more nearly the method of natural mocula- 
tion by the biting animal 

By all these methods our findings have been identical and w e consider that the 
disease as induced in first and second passages, at least, is essentially that which 
occurs m naturally infected ammals 

The question of smtable fixatives and staming methods and the proper combina- 
tion of these is an important one 

It is not necessar} for us to go into a detaded description of all the methods 
used by us in prebminary work and we shall onlj indicate our main conclusions 

As regards fixatn es we found that those contaimng perchlonde of mercuri 
were incomparablv the best for the stams chiefly used by us and that the more 
rapid and penetratmg the action of the fixative the better the results After tiy mg 
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tlie one wlucli we came to employ as a routine was Sansom’s 
modification of Carnoy’s fixative The formula is as follows — 

Absolute alcohol . .. .. 66 cc. 

Glacial acetic acid .. .. 6 „ 

Chloroform 30 „ 

Mercury perchloride to saturation Fix for half an hour 

The fixative should pieferably be prepared the day before use and should never 
be kept for more than a week or ten days 

Tissues placed in this reagent aie adequately fixed in about half an hour oi 
less and should not be left in much longei as the fixative is probably the most pene- 
tratmg known and prolonged immeisioii of objects will render them so hard and 
brittle as to make subsequent cutting a most difficult matter 

The tissues should be removed from the fixative into absolute alcoliol strongly 
colouied with iodine for 24 hours or overnight then into absolute alcohol which 
should be changed several times during 24 hours The subsequent procedures are 
those normally adopted for embedding in paraffin but double embedding in celloidin 
and paraffin may be resorted to if desired 

The two staining methods of choice and those used in most of our work were 
the methods of Mann and iron-haematoxyhn, the latter combined, when necessary, 
with a counter-stain such as neutral red or a special bght green (not S F ) When a 
counter-stain to iron-hasmatoxylin is desired it is best applied in the manner 
indicated by the senior author in a previous publication, viz , by dissolving the 
counter-stain in carbol-xylol (Shortt, 1923) The stamed film is passed from the 
'absolute alcohol stage into the carbol-xylol mixture containing the counter-stain, 
then into puie xylol and mounted in Canada balsam 

In the description of our findings which follows we have confined oiuselves, 
so far as possible, to those points which appeared to us to difier from the appearances 
seen in normal glands as it is taken for granted that the interested reader ivill be 
familiar with these When we use the terra ‘ normal gland ’ we mean a gland in 
the varying conditions in which it may appear m a healthy animal within the limits 
of its physiological activities We do not wish to imply that all the conditions ve 
describe are only found m cases of rabies, in fact such is not the case as oui 
subsequent descriptions will show, but merely that the conditions described are 
such as, in our experience, do not occur in a gland in the ordinary couise of 
its functional activities, and are regularly or fiequently seen in tlie glands of 
ammals sufiering from rabies 


lY Conditions observed in the Salivary Glands oe the Dog 

IN Rabies 

The dog has been chosen for description as being the animal most typical!} 
affected by this disease Monkey and man have been similarly studied 1^7 ’ 

as the appearances seen are in the main very similar in all these ammals the tv o 
latter will only be briefly mentioned after the dog has been dealt with in ore er 
brin«^ out difierences in detail where these exist 
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It sLoiikl nlso Le pointed out here tliat our description is a composite one based 
on the examination of Aery barge numbers of animals, so far as dog and monkey 
are concerned, altliougb onh' on a small number of humans, and that the whole of 
the appearances described are seldom to be met with in one and the same animal 
A consideration of the explanations we have offered to account for some of the 
appearances seen ■will slio-w that this is inevitable since many of them depend on 
the state of physiological or pathological activity of the glands at the time our 
material was taken Another factor leading to A'ariation in results is the fact that 
all parts of any particular gland do not show the same appearances Thus, sections 
cut from one area might shou any of the characteristic appearances to be noted 
later while in those cut from another part these might be entuely absent 

(n) Findings in the earlier stages of infection hefoie the onset of 
symptoms of rahies 

If artificially infected animals are sacrificed before the onset of symptoms it is 
necessary that only those should be considered the salivara glands or brain of winch 
produce rabies when inoculated subdiirall}’^ into test rabbits This is the only vay 
of being sure that one is dealing uith an animal in the incubation period of rabies 
and only such have been included by us m the series -w e have examined for the 
purposes of the present section 

In these earh’' stages the glandular elements show httle, if any, changes from 
the conaitions found under A’arying conditions of actiyity in normal glands The 
only defimte finding which was met -with frequently, although not inAariably, was 
the presence in preparations stained by Mann’s stain of small red or magenta-coloured 
granules in the interacinar supporting tissues of the parotid and sub-maxillary 
glands (Plate XXIX, fig 10) These granules varied m size from about 1 5/< m 
diameter to the downward Imut of the resolving po'wer of the microscope The 
larger forms are seen to be circular and regular in outline The majority of these 
chromatic elements appeared to be lying in endothelial cells u Inch had a yery close 
connection -with the endothelial bmng of capiUaries in the interacinar connective 
tissue and in some cases appeared actually to be present in the capillary endothelium 
itself (Plate XXIX, fig 10) In other cases no direct relationship to capillary 
endothelium was apparent and they appeared to be widely scattered amon^ the 
loose connective tissue fibres of the interacinar spaces (Plate XXIX, fig 10) 

The granules are stained equally well, but of a black colour, by iron-htematoxy- 
lin but the finding of them in preparations made by the hitter method should 
always be confirmed bv using Mami’s stain where the differential coloration 
IS of great assistance 

(6) Findings in the earlier stages of infection aftei onset of symptoms 

Once symptoms have manifested themselves the disease has advanced to a 
stage where appearances in the sabvary glands become more constant and more 
characteristic These appearances will be considered seriatim but it should be 
pointed out that wherea= all the appearances to be now described may be present in 
one and the same case there -w lU be other cases where only some, or even only one of 
the conditions described is present This dibsimilanty'is probably more apnarent 
than real because we have found that in any one gland the conditions described are 
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not piesent uniformly tlirougliout the organ and that, while one aiea of a gland may 
present piofound changes in 'structure and function, another area in the same gland 
may be apparently unaffected This feature is chaiacteristic of all stages of the 
disease and may be as marked in the later stages as in the earlier 

1 Small led or magenfa-colouied granules in the interacinar connective 
tissues —Many of these were identical with those described mthe previous section 
and require no further mention 

2 Larger granules in endothelud cells — In some dogs, there were present 
in the interacinai tissues granules taking the same coloration with Mann’s stain 
as those desciibed in the previous section bub larger in size and contained in 
cells of endothelial type, sometimes someuhat elongated like primitive connective 
tissue cells (Plate XXIX, fig 12) The larger cells containing these granules may 
have been the macrophages which are normally present in small numbers in these 
situations (Plate XXIX, fig 11) 

3 EosrnogjJnl intr a-cellular bodies in the interacinai connective tissues ' — These 
forms were found to be pi esent both in the parotid and sub-maxiUary glands They 
consisted of eosinophil gianules, spherical in shape, vhich were packed closely in a 
cell sometimes compact and sharply defined (Plate XXIX, fig 1), sometimes consi- 
derably elongated and u ith its limits less sharply defined (Plate XXIX, figs 2 and 
3) The nucleus of the cell is often almost completely obscured by the closely 
packed eosinophil granules but, when apparent, is roughly oval in shape and often 
stains rather faintly with Mann’s stain Occasionally, when the nucleus is eccentric 
in the cell, it is pressed to the peripheiy by the granules and markedly flattened 
(Plate XXIX, fig 5) 

The eosinophil bodies in some cases give the impression of bursting out of the 
contaimng cell to scatter ii, the surrounclmg tissues (Plate XXIX, figs 2 and 3) 
The direction of this scattering is usually m the long direction of the fibres of the 
connective tissue and it is possible that the appearance is deceptive and that the 
apparently free bodies are contained in tenuous prolongations of the enclosing ceh 
which ai e insinuated between the vaiious planes of connective tissue fibres 

The size of the eosinophil granules vanes from extiemely minute forms of 
about 0 8/f in diameter to forms of i/i m diameter, vith vaiious stages between 
these Limits The tendency is for any one group to contain gianules of approxi- 
mately the same size and the gradations in size of the component granules of 
different groups leads us to suppose that the groups of larger granules are produced 
by the growth of the groups of smaller granules 

The shape of the granules was always spherical and they stained less mtensel} 
than the magenta-coloured granules previously described 

The nature of these eosinoplulic bodies is not known and we have not seen any 
description of them but we find that they represent a normal, although uncommon, 
constituent of the interacinar connective tissues, being really components of the 
contaimng cell and that these cells appear to be increased m number as a reaction 
to the rabic infection, or possibly, merely to the increased salivary activity 

4 Granules in the cells of the serous acini or serous cells of mixed acini These 
granules take the form of a ‘ peppering ’ of the cells of serous acini with IT" 
maeenta-coloured granules when sections are stained by Mann’s stain (ilate a j 
fig 23) and with black granules when stained with iron-haematoxylm i 
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pcpperiu" maj consist of comparatively few granules videly separated or a cell or 
cells of the ncmus maj be filled with closely approximated granules The granules 
are seldom more than 1 4/i in size and the smallest forms reach the limits of the 
revolving poucr of the microscope The general effect in anj one cell, houever, 
IS of irregularh shaped granules approximately equal in size The granules are 
distributed throughout the cell but with a tendency to be somewhat more scanty 
in the area between the nucleus and the basement membrane ^Miere a whole 
acinus or most of its cells are afiected the general effect is a thick grouping of the 
granules m the centre and a gradual thinmng out towards the periphery (Plate XXX, 
fig 17) but this effect may be reversed where the granules are in the demilunes of 
gWuz/i in a mixed acinus (Plate XXX, fig 23) There does not seem to be any 
marked change in the nuclei of the cells contaming them as compared w'lth those 
which are free from them but the cytoplasm looks somewhat rarefied and tends to 
stain more faintly 

An examination of the salivary glands of normal monkeys and dogs in a state of 
ordinary physiological activity may show an occasional granule m a serous cell but 
nothing correspondmg with the aggregations we are here describing 

It must be remembered that by using the technique described by us the ordmary 
secretion granules of the salivary cells are dissolved away 

The question therefore arose as to whether these granules were normal products 
of the cell exaggerated m amount by a hyper-stimulation of secretory activity 
or were actuab organisms or, possibly, inclusion bodies resulting from the 
presence of the rabies vmis To settle this point we selected a monkey, as 
being the animal show mg these granules most characteristically, and moculated 
it with 1/5 gram of pilocarpme mtrate The animal was sacrificed forty- 
five minutes afterwards Although it was salivating freely this was not very 
evident because, after ejectmg a quantity of frothy saliva soon after the 
drug was injected, it contmued to swallow the rest The serous cells of the 
parotid gland in this monkey contained large numbers of granules similar 
to those found m the rabid animals and it seems probable therefore that 
they are merely the coagulated product of the secretion poured out by 
hyper-stimulated serous ceUs One curious fact which should be mentioned is 
that the areas showing this reaction w ere not present in all parts of the gland and 
even in individual sections only some parts were affected The tendency was for 
the areas around the edges of the sections to be^most affected and we consider this 
to be"due to the fact that the periphery of/the^issues placed m the fixative were 
acted upon more energetically by the fixative than the interior vhich could be 
reached by it only'after a certain amount of dilution or alteration in the intervening 
tissues 

5 Eosinophilic vacuole-hle structures in the cells of serous acim — These struc- 
tures are present m serous acim only Their appearance is more ftdly described 
later [section (cl)] and they are only mentioned here because they make their first 
regular appearance at this stage 

6 Inclusions in the capillaries —In the capillaries found in the interacmar 
connective tissues there may frequently be seen rounded coccus-bke bodies Theoe 
may occur smgly or m pairs like diplococci but, more typically, are found in 
aggregations of greater or smaller size They may number fifty or more m the 
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larger aggregations and may extend along considerable lengths of the capillaries 
They vary in size from minute forms 0 7/t in diameter to forms 2 in diameter 
Larger forms than these may also be seen The average diameter is about 1 2g 
In outline the bodies are regular and are usually spheneal or of a broad ovoid shape. 

In specimens stained with Mann’s stain thev take on an intensered°tainandare’ 
very striking objects (Plate XXIX, fig 13) In specimens stained with iron-hsema- 
toxylin they are jet black but, on being differentiated further, sometimes sliow local 
areas where the process of differentiation seems delayed This may sometimes 
even give a single body the effect of bipolar staining A common situation to find 
a large number of these bodies is at places where the capillaries branch (Plate XXIX, 
fig 14) but any site may contain them These bodies, which are not confined to the 
capillaries in the salivary glands, but may also be found in those of the brain, may be 
most conveniently demonstrated in thick smear preparations of the brain These 
should be made either from the hippocampus major or from the cortex or, indeed, 
any other part of the brain In such preparations the capillaries, being more 
resistant structures than the rest of the brain mattei, are veil shovn and the bodies 
may easily be found in stained preparations 

Koch and Kissling (1910) have described coccoid bodies in the capillaries and 
veins of the brain and salivary glands and it is probable that these are the bodies 
they refer to They maintain that they are only found m cases of labies 

As regards the actual situation of the bodies they sometimes give the 
appearance of being contained within the cells of the capillary endothelium but 
we beheve, from a close study of them, that they are actually in the lumen of 
these vessels This assumption must be considered correct if our interpretation 
of their nature is accepted 

A careful consideration of them has led us to believe that they are actually 
blood platelets This would imply their presence in normal tissues and, so far as 
brain substance, where siutable smears are easily made, is concerned, we have found 
them to be present The fact that thev appear to be much fev'ei m number in 
normal brain tissue than in rabid brain tisme is no argument against their being a 
normal element, and their relative greatei frequency m rabid material may reason- 
ably be explained by some alteration in the blood picture jiroduced in response 
to infection wuth the rabies virus or its possible toxin 

Their smooth and regular contour rompared with that usually seen in the case 
of platelets air dried in blood smears is probably due to the fact that they have been 
fixed in situ m the capillaries and so have not been exposed to the disruptive surface 
tension of a drying blood smear 

(e) Find%ngs in those cases wheie the symptoms of lahies have pemsied 

foi 2 to Z days at least 

In most of our expeiiments we tried as far as possible to use material horn 
living animals for examination in order to prevent any fallacies due to post-mortem 
changes in the tissues In the case of both monkeys and dogs we found that it was 
seldom safe to leave an ammal beyond the third day after the appearance of sjonp- 
tom.<? although we have known a monkey to survive for six days and it was sti 
alive'when taken for post-mortem and would probably have lived for at least seven 

days. 
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In tlie case of certain %cr 3 ' powerful vmiscs we found that monkej's frequently 
died uitliout showing anj, or only the most transitor} , symptoms of rabies In 
these cases it u as usual to find no Negri bodies in the brain, or bodies too small to be 
definiteli identified as such, but the brains on passage to rabbits produced typical 
rabies u ith Negri bodies in the latter 

For the purposes of our description such cases would be classified as early cases 
111 so far IS the production of nsible lesions was concerned and they are only men- 
tioned here in order to draw attention to the property of certain aery powerfid 
viruses of killing an ammal without the pi e\ ions production of symptoms of rabies 
and without the characteristic production of Negri bodies, an indication of the 
importance of performing the biological test in such cases 

1 Eosnwplnhc vacuole-hle slruclurcs in the cells of serous acini — In certain 
dogs, less commonly in monke) s and man and never to the same extent, are found 
spherical a^acuole-like structures in the cells of the serous acini (Plate XXX, fig 22) 
These have already been mentioned in a previous section (65) but, as they reach 
tlieir most characteristic development in the more adi anced stages of rabies their 
dcbcription has been deferred to this stage 

These forms are confined entirely to serous cells and, when found in the sub- 
maxillar} gland of the dog, are found only in serous acim and in the serous demi- 
lunes of Gi inuzzi in mucous acini (Plate XXX, fig 19) 

The vacuole-like structures vary in size from minute forms, which are to be 
distinguished from the granules described under (64), up to forms 5 5;i in diameter 
Tliej are perfectl} spherical in form, stain a deep crimson or magenta with Mann’s 
stain and take the iron-ha?matoxylin stain very intensely 

They are never numerous in a cell, especially when large, but three or four large 
forms ma} be present in a single cell They may occupy any position in the contain- 
ing cell 

As regards structure they tend to stain very imiformly and, in the case of mon- 
hEematoxylin preparations, differentiate umformlv 

In certain cases, however, many of the structures are found to exhibit one, two> 
three or even more internal bodies looking like vacuoles within the vacuole (Plate 
XXX, fig 20) These internal bodies may be, when single, as much as half the 
diameter of the enclosing vacuole but are usually considerably smaller 

As regards the nature of these vacuole-bke structures w e are no longer in doubt 
At first we were unable to find them in normal controls We therefore starved three 
dogs for a period of four days but allowed them access to water One of these dogs 
was then sacrificed and showed no vacuoles in the cells of the sabvarj^ glands 

The second dog was shown some food but without being gn en it and then 
after an interval of ten to fifteen minutes, sacrificed This also showed no vacuoles 
in the cells of the sabvary glands 

The third dog was given 1/5 gram of pilocarpine nitrate subcutaneously It 
soon began to salivate very freely and was sacrificed half an hour after the inocula- 
tion The serous cells of the salivary glands of this dog <=howed timical i acuole- 
like stmchires indistinguishable from those seen in rabid dogs We sub<=equentlv 
kept a dog and a mouse continuouslj under the influence of pilocarpine "for three 
days and then examined their sabvary glands by biopsy The do^^ showed an 
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cx&gprcr&tcd. form of tlio condition just described witli very numerous and sometimes 
very large vacuoles twice tlic diameter of the largest forms seen in rabid dogs, while 
the mouse showed no vacuoles wbatevei The vacuoles, therefore, are evidently 
formed when the serous cells arc stimulated by a toxin whate\er its origin, to 
hyperactivity and have no necessary relation to the presence of a living virus 
It is presumed that the vacuoles are formed by the coalescence of droplets of 
secretion and that the absence in normal dogs is due to the fact that the abnormal 
degree of stimulation to the serous secreting cells necessary to produce them 
in numbers is seldom present under natural conditions ITe have since seen 
a very few of these vacuole-like structures in one dog, presumably normal, but 
they were small and few in number and probably were associated with a 
condition of hyper-secretion due to ingestion of food The cells containing 
the bodies were not otherwise altered from normal cells as regards their staining 
reactions and this is only to be expected if we are right in considering the 
phenomenon to be merely a normal, although exaggerated, response of the cell 
to powerful stimulation 

2 Eosinophil inti a-cellulai bodies in the iniei acinai connective tissues • — These 
bodies have already been mentioned under section (53) and they are to be found 
in all stages as regards the size of the eosinophil granules In the later stages of 
rabies they have been seen by us in dogs, monkeys and man, the largestforms having 
been seen in the latter (Plate XXIX, figs 6 and 7) They are never numerous in 
any case or at any stage of the disease The tj-pical form of the eosinophil granules 
is, as alieady stated, spherical but in one instance a form was seen with navicular 
granules \ ery uniform in size and shape The significance of this form is not known , 
it occurred in a dog (Plate XXTX, fig 4) 

3 Multiple aggregations of iiregulaily ovoid bodies in the scions acini — In a 
certain number of dogs which had shown symptoms of rabies for two or three days 
before death or biopsy the serous cells of the salivary glands showed a very charac- 
teristic phenomenon 

This consisted in the presence of enormous numbers of irregulaily ovoid bodies 
arranged m an irregular grouping iii the serous cells In some cases the cells of the 
entire acinus weie crowded with these bodies (Plate XXX, fig 21) ; m other cases 
only a single cell m an acinus might contain them while all stages intermediate 
between these extremes were to be met with 


The size of these bodies was extremely variable Minute forms 0 5/i m diameter 
and large forms 2 6;« in diameter were bridged by a complete series of intermediate 
sizes There seemed to be no special grouping of the forms by size and one cc 
might contain forms all of approximately the same size while another might contain 
forms of many differing sizes In sections from tissues fixed m Flemming’s solution 

it was noticeable that the bodies were definitely arranged around the peripheries o 
the sections, a relationship previously noted in connection with the small 
formation described in section (54) and probably due to the same cause i ic' 
were especially abundant where the peiiphery of the section corresponded v itn ic 
capsule of the gland oi with any other continuous coat of connective tissue forming 
the surface of the fixed block of tissue ^ , 

In tissues fixed by Flemming the ovoid bodies tended to have a rather fu77| 
outline and stained, as a lule, a bluish colour with Mann’s stain but sometimes la 
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pink hnge In some cases traces of reel colour rvere present in the bodies hut the 
general effect was to present a ‘ fuzziness ’ in staining reaction as well as in outline 

In sections stained viith iion-hremato'^jlin and counter-stained with neutral 
red a clearer picture uas presented The neutral red stained the matrix of the 
bodies and man's of them presented either a single blcck-staining granule or a dark 
irresuilar mottling ishich disappeared completel's if differentation was earned far 
(Plate XXX, fig 21) 

The relationship of the^e bodies to those found m human cases and their probable 
nature 11111 be discussed at a later stage when ue arc dealing with our findings in 
human cases of rabies 

■i Granules in the cells of {he seioiis acini — These are similar to the forms 
mentioned in section (bi) and require no further description (Plate XXX, fig 23) 

5 Inclusions in the cdpiUarif endothelium ■ — These are the forms dealt with in 
section (66) (Plate XXIX, figs 13 and 14) 

6 BaciUaiif, club-shaped and irregular bodies in the cells of the serous acini — 
These bodies are met u ith both in dogs and monke) s and take the form of irregular 
groups which mar has e ani’' of the shapes mentioned in the heading to this section 
They vary greatly in size and then chief characteristic is their pleomorphism in 
contra-distinction to most of the bodies ■iihich hare previously been dealt yitli 
The largest of these forms may measure 2 6/i in their longest diameter and very 
minute fomib are also met with They have only been seen in serous cells "With 
Mann’s stain they assume a bright red or magenta tint and ■with iron-hamatoxylin 
ablaek colour Their staining reactions are identical y ith those described for pre- 
viously mentioned forms which have been interpreted as the result of the fixative 
on the secretion of the serous cells at some stage in its manufacture and v e have 
no reason to doubt that these forms also aie coagulated serous secretion oi its 
precursor 

7 Fat vesicles — In nearly all the rabid animals we examined, including man, 
the serous cells of the salivari glands, especially in the later stages of infection, 
showed more or less numerous fat globules We use the teim fat in the wider sense 
of some lipoid substance as we are not an are of the exact nature of the globules 
The globules were very evident in tissues fixed in Flemming’s solution owing to the 
fact that they were stained a brownish vellov by the contained osniic acid The 
globules varied in size from mmute forms up to forms 7jt in diameter and in number 
from one or two in scattered cells to a condition wh'*re the histological details of the 
section y eie almost obhterated by the size and abundance of the fat globules 
They were most abundant, in our experience, in the human cases of rabies Some- 
times the presence of fat was shown in more massive and less regularly globular 
form 

8 Negn bodies in cells of nerve ganglia — ^Nerve gangba of the sympathetic 
nervous system are scattered throughout the salivary glands in the inter-lobuIar 
tissue-^ especially near the larger ducts and in these Xegri bodies, apparently identical 
y ith those found in the brain, are occasionally to be seen but never, in our experience, 
in the numbers found in the cells of the hippocampus major (Plate XXIX, fig 9) 

9 Polymorphous bodies in the excretory ducts —In the excretory ducts of all 
the types of salivary glands we constantly found present bodies of varying shape 
and size which stained red or magenta with Mann’s stain and black yith 
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iron-hosmatoxylin There ^^as nothinjr to siigcrpst that these were other than the 
coagulated pioducts pjoduced by tlio actiou of tlie fixatives used on tlie secretion 
in tlie ducts (Plate XXIX, fig 8) 

V Conditions observed in the Salivary Glands of the Monkey 

{Macacus ihesus) in Rabies 

In the monkey the forms described in section IV (c) aie to be found witli the 
exception of those detailed in sections {c3) and (cG) wliicli ueie not encountcr-’d by 
ns On the other hand 1 he forms to be seen even m dogs differed so ranch in indivi- 
duals that only the examination of veiy laige numbers of monkeys would suffice to 
exclude the occasional occurrence of the less common conditions 


VI Conditions observed in the Salivary Glands op Man in 

Rabies 

1 Dicloomtc ovoid bodies in the cells of the scicvs acini 

In the case of ceitain dogs which had shown symptoms of rabies for two or more 
days before being examined by biopsy we described the presence [section 4 (c3)] of 
multiple aggregations of irregularly oyoid bodies m the seious acini (Plate XXX, 
fig 21) In human cases identical structures have not been met with but multiple 
aggregations of sharply differentiated (in contra-distinetion to the ‘ fu/ziness ’ of 
those seen in the dog) ovoid bodies have been observed in four out of five consecutive 
human cases which had received no treatment (Plate XXX, figs 15, 16 and 18) 
These bodies were present in seious cells only They were sub-splierical bodies of 
regular contour varying in size from extremely minute loims to forms 2 8;/ in tlieir 
longest diameter In some cases most of the forms present in one serous cell ivcic 
approximately equal in size while in other cases foinis of all sizes were present in the 
same cell (Plate XXX, fig 10) In some acini only a single cell might contain the 
bodies while m others every cell might be full of them The appearances heic 
described weie onl)'' seen in tissues fixed in Sansom-Carnoy fixative and were not 
brought out in Flemming-fixed material 

The staining reaction of the ovoid bodies was most characteiistic and staling 
but differed in diffeient acini 

Mann’s stain — Typically each body consisted of a bright bliie-stainmg matrix 
in which was embedded a red or magenta-staining mass ivhicli was often eccentri- 
cally placed The latter tended to be ovoid but sometmies elongated forms simula- 
ting division were seen (Plate XXX, fig 16) The proportions of the red and blue 
components of the bodies varied considerably sometimes one and sometimes the 
other preponderating A good idea of the appearance of these bodies will be obtained 
if one says that, although stained by Mann’s stain, they gave the apjiearance oi 
protozoa stamed by Giemsa’s stain (When actually stained by Giemsa’s stain tJic 
characteristic appearance was not obtained ) In some acini the groups of yoi^es, 
instead of exhibiting the typical dichromic effect of red and blue, stamed only re 
or only blue and in these cases approximated much more closely in appearance o 
the aggregations described in dogs [section IV (c3)] The same acinus some mie 
contamed both types or these might even be contained m a single cell 
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Explanation of Plate XXIX 

Fig 1 Eosinophil intra-cellular bodies packed closely in a compact sharply defined 
cell From dog Mann’s stain counter-stained with light green 

, 2 Eosinophil mtra-celluhr bodies gmng the impression of bursting out of tbe 

contaimng cell to scatter in the surrounding tissues From dog Mann’s 
stain 

„ 3 Eosinophil intra-cellular bodies giving the impression of bursting out of the 

coiitainina cell to scatter in the surrounding tissues but showing larger 
eosinophil bodies From dog JIann’s stain 

, t Eosinophil intra-cellular bodies of naiicular form From dog Mann’s 

stain 

„ 5 Eosinophil intra-cellul ir bodies pressing the nucleus of the contaimng cell 

to the penpher) From dog Mann’s stain 

Figs 6 and 7 Eosinophil intra-cellular bodies of large size From man Mann’s 
st iin 

Fig 8 PoUniorphous bodies in an excretory duct Note the striated epithehum 
From dog JIann’s stain counter-stained with hght green 

„ 9 Nene ganglion in sub-maxillary gland Note tiio Negri bodies in one of 

the ncrse-cells From dog Slann’s stain counter-stained with light 
green 

„ 10 Small magenta-coloured gianules in the interacinar supporting tissues of the 
sub-maxillary gland N’ote the close connection of some of the contam- 
ing cells to the capillary endothelium and the fact that some of the 
granules are acluall} within the latter between the tv\o red cells From 
dog Mann s stain 

„ 11 Larger magenta-coloured granules in a macrophage From dog Mann’s 
stain 

„ 12 Larger magenta-coloured granules in elongated endothelial cell From doe 
Mann’s =tain 

Figs 13 and 11 Inclmsions in capillanes From dog Mann’s stain 
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Fig 15 
„ 16 
» IT 

» 18 


19 


20 


21 


22 


23 


Dicliromic ovoid bodies in cells of serous acini From parotid gland of man 
Mann’s stain 

Serous cell completely occupied \ntb dicbromic ovoid bodies of all sizes 
From parotid gland of man Mann’s stain 

Granules in cells of serous acinus Note characteristic grouping in central 
area with clearer periphery From parotid gland of man Mann’s 
stain 

Dichromic ovoid bodies in serous acinus Note well-staimng nuclei From 
parotid gland of man Iron-hmmatoxyhn counter-stained with neutral 
red 

Bosinophihc vacuole-like structures in crescent of Gianuzzi From dog 
Mann’s stain 

Magmfied appearance of eosinophilic vacuole-hke structures Note internal 
vacuoles Mann’s stain 

Multiple aggregations of iiregularly ovoid bodies in serous acinus From 
dog Iron-haomatoxylin counter-stained with neutral red 

Eosinophihc vacuole-like structures in a serous acinus From dog Mann’s 
stain countei -stained with light green 

Granules in the serous cells of a mixed acinus Note the ‘ peiipcring ’ with 
magenta-coloured granules From monkey Mann’s stain 
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The nuclei of the containing cells, contrary to what we might have expected, 
shon ed no evidence of degeneration so far as staining reaction conld show it 

Iroii-Jiamatoxyhn —By this staining method the simulation of protozoa was 
mamtamed, i e , the blue matrix stamed a light grey colour, easily differentiated 
an ay, wlule the red masses stamed a black colour like nuclei It was found that 
all "roups of the bodies did not differentiate evenly and that while some n ere stamed 
typically as described aboi e, other groups subjected to tlie same amount of differen- 
tiation had lost their ‘ nuclei ’ and only a counter-stam showed up the matrix 
clearly (Plate XXX, fig IS). 

The question nov arises as to whether these bodies ate homologous with those 
described m the case of rabid dogs m section IV (c3) as multiple aggregations of 
irregularly ovoid bodies and, if so, what is their ongm 

It is unfortmiate that the appearances in dog and man which we ivish to compare 
n ere obtamed m the former by the use of Flemmmg’s fixative and m the latter by 
the use of Sansom-Carnoy fixative 

The greater energy and infinitely greater penetrative power of the latter reagent 
compared with the more slowly actmg and poorly penetrating Flemmmg’s solution 
mi"ht be qmte sufficient to account for the more sharph cut picture and more 
distmctne stammg obtamed m the human cases as compared with the results 
obtamed m dogs The location, distribution and size of the bodies were approxi- 
mately the same m man and dog The fact that they occurred more commonly in 
man is possibly due to the fact that most of the human cases obsen ed by us hved 
longer than any of the dogs The bodies under consideration uere onlj found m 
dogs m cases which had shov n snnptoms of rabies for at least two days while some 
of the human cases suivived for five days and one for six days The bodies 
u ere found most plentifully and typically m the human cases summng the longest 
time and this nught account for their rarer occurrence m dogs which seldom survive 
three days after the onset of symptoms 

tVe feel inclined therefore provisionally to suggest that the bodies seen m 
dog and man are homologous stnictures, any differences being due to ummportant 
factors necessarily varjung with the species of animal 

The question as to the nature of the bodies is more difficult to determine and for 
solution would probably require excursions into the domain of microbiological 
chemistry which we have not had tune to make 

V'e have not, as m the case of some of the other stnictures previously described, 
been able to reproduce the bodies under discussion by the action of chemical agents 
of stimulation of the glands such as pilocarpine so that they cannot be simply 
explamed as secretion coagulated by the fixative Ve suggest, however, that they 
are probably due to the action of an energetic and rapidly penetratmg fixative 
on the cytoplasmic cell contents of serous cells nliich, due to the presence in them 
of the rabies vmis or its toxin have been so altered either physically or m them 
secretory function as to respond to the fixative by coagulation or possibly fragmenta- 
tion of the cytoplasm into the forms described This view is possibly strengthened by 
the fact already observ ed that the bodies were not seen in Flemmmg-fixed material 
It IS well known to cytologists that the osmium tetroxide in Flemmmg’s solution 
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tends to give a comparatively homogeneous fixation of cytoplasm while the meicunc 
chloride m the Sansom-Carnoj fixative would act as a powerful precipitant of the 
proteins present in cytoplasm This explanation is only given as a suggestion and 
IS not meant to rule out the possibility that the bodies may be pre-formed in the 
cell — ^they might exist as some precursor of secretion in globules or might, on the 
other hand, represent complete degeneration of the containing cell the contents of 
which the fixative coagulated into the form described Were such the case, however, 
one would have expected the nucleus also to show some signs of degeneration but 
this was not the case One is forced therefore to the conclusion that the bodies are 
most probably pre-formed globules of the specific zymogen of the serous secretory 
cells 

In normal white mice injected with pilocarpine nitrate a few serous cells some- 
times show an indication of aggregations of large granules These have neither 
the sharply cut outlines nor the brilliant staining reaction of the bodies we are 
describing but are sufiiciently suggestive to indicate the possibility that we are 
dealing with a natural secretory phenomenon exaggerated bv hyper-'^timulation 
of the secreting cells by the presence of the rabies virus or its toxin 

2 Fat resides 

As already observed these were sometimes so numerous in the serous cells 
in human cases as to obscure the histology of the tissues when these were 
fixed in Flemming’s solution 

3 Otliei foims met vitli in Imman cases 

All the forms mentioned in section (4c) besides those especially dealt with 
heie in connection with human cases w^ere met wath in the latter but the 
large eosinophilic vacuole-like stiucturcs [seotion 4 (cl)] although present were 
nevei as numerous as in the dog The granules in serous acini described m 
section 4 {hi) tended, when present, to be larger than in the dog and moiiKey 
but were probably similar in origin They tended to show a characteristic 
grouping in tlip central area of the acinus the periphery remaining comparative ) 
clear (Plate XXX, fig 17) 


Discussion 

Manouelian (1914) has described the histological appearances found m sain ar} 
glands ill rabies i study of Ins paper and figures shows little in common wi i ou 
findings and his explanation of the red-stainmg granules found in the glam 
differs from ours According to him the acidophil granules found m acini ' 
result of de'itruction and fragmentation of the nuclei of invading polynuc ear e 
cytes which became acidophil As we have show n we were able to produce m i 
frranular and the laiger acidophil bodies described by us by the 
of pilocarpine to normal animals As these results were obtained some mic 
half an hour of the administration of the drug there would certainly have i 
time for invasion of the acini by polynuclear leucocytes, their destruc ion 
conversion of their nuclei into granules 
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In T later paper Manouelian and Viala (l‘)24) describe what they consider to be 
the parasite of rabies as occurring m the cells of the salivaiy glands They do not 
seem to specify which glands thca occur in nor whether they occur in serous or 
mucous cells or in both They describe these parasites as elongated, fusiform, 
p-\-riform, or spindle-shaped and aaeraging l/i to 2/i in size They possess a cyto- 
plasmic body stamina a bright red with Mann’s stain surrounded by a membrane 
and containing granules of chromatin which ma) be rounded or filamentous and 
stain blue These bodies are said to occur both in parts of the glands little altered 
from the normal and m parts showing considerable lesions They are found in the 
cells of the acini, sometimes wideh disseminated, sometimes aggregated in a small 
\ acuole Thci are also seen sometmies in large numbers in the salivary ducts and 
hence must reach the sain a Asa perusal of the description of our own findmgs 
will show we met nothing corresponding with these parasites in our series of cases 
from dog, monke} and man 

A consideration of our description will furthei bring to light another fact, 
viz , that of all the various conditions described b} us as occuriing in the 
salnar^ glands in rabies it is at Wst doubtful whether any can be considered 
as exhibiting the occurrence of ‘ inclusion bodies ’ such as one might expect 
in a aims disease, if rabies is so A possible exception is the case of the 
bodies described lu section 4 (62) These appear to us to be very similar to 
bodies described in the case of infectious ectromeba by Marchal (1930) m 
conuectia e tissue cells 

A study of Marchal’s figure of a saliaara gland stained by Mann’s stain was 
also ven' suggestive of some of our findings The red bodies in his description, 
how ever, are considered to be genuine inclusion bodies while w e h^ve explained the 
bodies we found as coagulated secretion or its precursor and ha\ e actaally produced 
an identical condition b) the use of pilocarpine A third figure of Marchal shows 
inset an enlarged representation of one of the inclusion bodies seen in the cells of the 
pancreas This appears to be identical in structure with the bodies described by us 
insertion 4 (cl) as a study of the two figures will show Now our borbes are 
defimtdy secrctor} in nature and were ’•cproducid bv us in dogs by the use of 
pilocarpine As the pancreas is also a secretoia gland it seems a possibilitj to us 
that there also the so-called inclusion bodies maa be due to the action of the fixative 
on a gland in a condition of ha^er-secretion 


CoxcLcsioxs 

1 A prolonged study of a large amount of rabic miitcrial, includina dog, 
monbey and man, has reaealed that while characteristic appearances arc found 
in the saba ara glands of rabid annuals, these are in most cases the residts of an 
exaggerated physiological response of the glands to hyper-stimulation and do not 
necessitate the specific presence of a Imng aurus, although this is probably the 
cause of the stimulation m rabies 

2 No eaudence was obtained of the visible presence of anv bodies w Inch could 

be identified as bacteria, protozoa, or filterable viruses, or indeed, of any living 
causative agent - ° 
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Chopea and Mukbrjee (1933) have recently published an account of the 
chemistry and pharmacological action of Thevctm, a glucoside isolated from 
Thevelia nenifoha This glucoside was first isolated bj de Yri] (1881, 1882, 1884) 
from the kernel of the seeds, but as he did not mention it's formula or the melting 
point, it IS probable that he was not able to obtain the glucoside in a pure form 
De and Chowdhuri (1919) succeeded in obtaming Thevctm m a pure form uith a 
melting point of 189°C to 190°C and gave its formula as C 72 HJ 24 O 30 They also 
obtained from the non-sugar product (of hydrolvsis of tlie glucoside) an amorphous 
substance stated to be more toxic than Thevetin and named it Thevetidin The 
presence of a second poisonous principle was also indicated earlier bv Warden 
(1882) 

Ghatak (1932), working at the Cheimcal Laboratory of the Allahabad XJmversity 
under Dr Dutt, isolated the second poisonous principle in a pure glucosidal form 
and, on account of its highly poisonous character, named it ‘ Thevetoxin ’ He 
used the follow mg method of isolation The oil-free kernels weie completely freed 
from petroleum ether and successively extracted with rectified spirit, till a "portion 
of the extract gave only traces of residue on complete evapoiation The alcoholic 
extract was concentrated under reduced pressure, when a thick-brown syrupy liquid, 
strongly smellmg of sugar, was obtained This slowly solidified to a brown hr ^ro- 
scopic mass in a vacuum desiccator , on extraction with chloroform it gav^e 40"g of 
3 ^ellowish brown sohd after complete evaporation of the coKent This substance 
was completely soluble in ethyl acetate Traces of oil that contammated it were 

( 605 ) 
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removed by treatment with petroleum ether On crvstallization from dilute alcohol 
It was obtained as snow-white slender needles melting at 192°C and having a 
molecular formula C 2 oHjoOc This was probably the substance which was isolated 
in the cinde form by de Vrij and named by hun as Tlievetin This substance is 
insoluble in watei but easily soluble in most of the orsanic solvents It does not 
1 educe Fehling’s solution or Tollen’s reagent but both of them are readily reduced 
if the compound is previously hydrolysed by warming with concentrated hydro- 
chloric acid It does not produce any coloiation or precipitate with the usual 
alkaloid reagents iilcoholic ferric chloride, lead acetate or sub-acetate, silver 
nitiate or calcium chloride have no effect on the substance When perfectly puic 
the substance is quite tasteless, but in the presence of only traces of impurities it has 
a pronounced bitter taste The substance has been named as Thevetm by the 
present author, after de Vrij who was the first worker m the field 

The residue left after chloroform extraction was freed from the solvent and 
dissolved in 400 cc of water The liquid which vas deep brown in colour was 
allowed to stand with few drops of chloroform to arrest bacterial growth After 
about a week a white sednnent started separating from the mother liquor and within 
a fortnight the whole of the vessel was full of a whd,e shining deposit The product 
was filtered at the pump and on diying weighed 37 grammes This, on twice 
re-crystalluafcion from hot water, was obtamed as slender shining silky needles 
melting at ]78°C This sulisbance which has the molecular formula C 26 H 24 O 8 
differs from Tlievetin by its solululity in water and intense hittei taste In its 
chemical deportment, how evei , it resembles Tlievetin very closely, giving no reaction 
with FehUngs, Tollen’s and alkaloid reagents and no precipitate with silver nitrate, 
lead acetate, ferric chloride or calcium chloride Basic lead acetate, however, 
produces an abundant flocculent w'hite precipitate on warming This substance on 
In’^drolysis reduces Fehling’s solution and Tollen’s reagent readily It dissolves 
m strong sulphuric acid, woth orange coloration, which intensities m about five 
minutes and becomes deep red It is insoluble in most of the organic solvents 
except alcohol m which it is very soluble It is sparingly soluble m acetone and 
moderatch^ soluble m water from which it crystallizes w slender needles It is 

optically actne having a laevm-rotation of [u] -g- = — 76 1 in etliyl alcohol 

We feel greatly indebted to Dr Dutt for supplying us this glucoside winch 
enabled us to wmrk out its pharmacological action 

PHARMiCOIOGY 

Procedure — All experiments wmre carried out on healthv dogs, cats, rabbits 
and frogs In toxicity experiments, guinea-pigs w'^ere also used In dogs morphine- 
urethane ancesthesia was used in doses of 5 mg of morphine and 1 8 g of urethane 
per kilogram of body-weiglit In cats decerebrate or spinal preparations vverc 
mainly used Fiesh solutions of Thevetoxm 1 mg per c c in 0 9 per cent saline 
were chiefly used 

All injections were made at body temperature 
External actions — 

(a) hoCAJi ACTION — In concentrations up to 1 in 1,000 the glucoside has no 
irritant action on skm, mucous membrane or subcutaneous tissues The taste is 



B B Bliatm and S Lai 


607 


bitter L'lrge clones given to ents li)’^ mouth did not produce any infl.immation of 
the gnstTic inuco-'T 

(6) Toxicitv — This was tested on various organisms, paiticiilarh with a view 
to obtain figures wliicli could be compared with those obt uned by Chopra and 
Miikerjce foi Theietm Tlic result obtained is given in a tabular form below — 


1 


3 


4 


Tlic\otin 


Paramw^.iant niul hi'hmnth -, — Xo 
to\ic effect in 1 m 100 000 
dilution 

t rogs — 0 15 mg to 0 3 mg per 
kilo M L U 

Guinea mgs — 0 015 mg to 0 024 
mg per kilo l)od\ ireight 
subcutaneous lethal dose 

Cats — Oral 0 14 g per kilo 


TheietoMii 


Xo toMO effect m 1 in 200 000 to 
1 in 5,000 concentrations 


25 0 mg to 30 0 mg per kilo 
51 L n 

10 0 mg per kilo bodj \i eight 

s L n 


Oral 0 25 g proved non fatal 
Subcutaneoiish 1 0 mg per kilo 
os average lethal do=c 

Dogs — 1 0 mg per kilo subeuta 
iieouslj average lethal dos> 


A glance at the above table reveal'’ the fact that Thcvetosin of Ghatak is much 
less toxic than Thevctni of Cliopra and Mukerjee, nhereas the former claimed that 
the Glucoside Thevetoxin isolated by lum was more toxic than Thevetin The 
tram of symptoms observed with toxic doses in frogs and giunea-pigs were very 
similar to those observed by Chopia and Mukerjee In doffs, drowsiness, lethargy 
and prostration were a marked feature and were, m our opinion, due to depie'^sion 
of the higher centres rather than to mere exhaustion resulting from excessive vomi- 
ting and diarrhoea A dog which was very irritable and noisy" before the experiment 
became q^uiet within half an bom of the injection Vomiting, in our opinion, is of 
cential origin as shown later by actual expermients It appeared in half an hour 
to one hour after subcutaneoiLs doses but with oral doses it took 2 to 3 hours aud 
needed 10 to 20 tunes bigger doses The only noticeable result of a previous 
dose of atropine was decrease m frequency of vomiting and salivation showinc 
that vagal inhibition played verj little part in producing death from cardiac 
failure 


Circulatoj-y <iijstef)n —Our experiments confirm what earber workers have shown 
that the main action of the drug is exerted through the circulatory system 4a 
early as 18 16 Bias and Hauseman stated that Theaetm had on frogs an actmn 
similar to that of digitalis Chopra and Mukeijee (1933) also found that Thevefm 
lead a pronounced effect on the circulatory sj stem which resembled in many resnects 
the action of drugs of the digitalis group Thevetoxin closely resembles The^Sm 

Few pomfe of rhfference between Thevetin and Theve 
toxin were, however, observed V e give these in detail below 
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Injection of 0 1 mg to 0 6 mg of Tlieveioxm into the femoral vein of an 
average size cat (2 to 3 kilo) caused AVithm a few seconds a marked rise of 
blood-piessme, vaiying fiom 30 mm to 80 mm of memnry This was not well 
sustained and in 5 to 10 minutes came to normal (Graph 3, figs f and g) In 
dogs the use m pressure was less marked but it was more sustained (Graph 3, 
figs 0 , h and c) A highei degice of pressor effect Avas obtained Avith similar 
doses m spinal cats Avhicli showed that the A^asomotoi centie played no part in 
the use of blood-pi essiire and fiiither that the stimulation of the A\^gal centre, 
in tlie intact animal to some extent neutralized the pressor effect of the ding 
(Giapli 3, figs f and g) Tlie pressor action did not disajipear or lessen 
when sympatlictic Ganglia A\ ere paralysed Avith nicotine Injections of ergotoxin 
acid phosphate which Averc capable of producing reversal' of adrenaline effect 
did not in any A\ay alter the piessor action of Thevetoxm Cocaine in doses 
sufficient to sensitize the s-'/mpatlietic receptive substance to adrenaline (15 nig 
per kilo) did not inciease the magnitude of the pres'^or effect These obser\nations 
definitely showed that the SA’mpathetic mechanism played no part m the pressoi 
action of tins glucoside 


Pei ft Sion of hnd legs of the fiog (Loewen-Trendelenburg method) Arith 
1 in 100,000 solution of The\ctoxin did not produce any appreciable effect The 
rate of outflow changed fiom 4 5 to 4 I e c per minute Perfusion of dogs’ and 
cats’ hind legs through tlie femoral artery Aswre also without any appreciable effect 
Perfusion of the hind legs of the dog was next perfoimed through the abdominal 
aorta, using a perfusing pump, and recording the pressure Avith a mercury mano- 
meter, connected to the side tube of the arterial camiula The pump AAwked aluaAs 
at about 82 strokes per minute and throughout an experiment the output per 
stroke was kept constant The tiacing in Graph 3, fig h shows the effect of injec- 
ting 0 25 mg of Thevetoxin Avhen the limbs a\ ere being perfused with 0 9 per cent 
saline solution of the diug at 37°C Tliere is haidly any effect in the peripheral 
resistance — ^tracing in Pig ^ shows the effect of the same dose, when the perfusing 
solution A\ms changed to freshlv-defibrinated blood The peripheral lesistance now 
rose slightlv Adrenaline (1 m 20,000) was then added drop bA’' drop to the reserAmn 
into Avhich the venous output from the legs eniptied As the blood containing 
adrenaline circulated through the legs peiiplieral resistance rose gradually till it 
maintained a steady IcawI , tracing m Pig q sIioaas the effect of same dose of 
TheAmtozm at this stage The rise m -peripheral resistance was greater now tlian 
with defibrinated blood alone This showed that foi the constrictor effect of 
Thevetoxin presence of adrenaline Axas necessary We were familiar with Burns 
woik on Tyramme and Ephcdiine, wdiere in it was shoAvn that adreiialine 
augmented the constrictor effect of Tyramme and Ephedrine e repeated the 
aboAm experiment bA’’ increasing the tone w'lth post-pituitrin extract Smiilar result'^ 
wore obtained to those obtained wuth adienaline and w’e conclude that for the 
constrictor effect of this glucoside initial tone in blood A’essels, as is mamtam^’cl 
during h'^alth by continuous liberation of adienahne, pituitrm, etc , is necessarA 
The constrictoi effect notwed in the perfusion experiments w’as much less 
compared to the pressor effect obtained in intact animals and from tnis we 
conclude that part of the pressor effect is due to stimulation of the heart J 
was further borne out b) the fact that intestinal, lenal and sjdeen volume^ 
showed slight increase during the pressor effect of the glucoside 
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Action on the heail — Fiog’shcart Giaph 1 , fi"s d, e, f and q illustrate tlie action 
of this gliicoside on frog’s lieait TracingmFig (f sho\\ s the effect of 0 1 rag , injected 
intra-liepsticallv in a dtceicbritc fiog, tlie irainediate effect Mas the absence of 
complete a entricular rel ivrtion n-ithin a fcM seconds the height of stolic contrac- 
tions increased ind dnstnlic rclixation came back to its original No cloning nas 
obseraed and Mithin a few minutes the he.irt came back to normal Tracings in 
Figs c, f and q show the effect of a bigger dose, 0 25 mg , here again stimulation of 
auricles and ventiicles is noticed, folloMed b}’’ slowing of auricles fiom 52 to 40, and 
irregulant) of ventricles due to paitial heart block , half an hour later the auricular 
rate had become 12 per minute and vcntiicle was receiving legular impulses from 
auricle — the focce of contractio i of both the aiuicle and ventricle wa® greath 
increased Evcr'j now and then a few beats at double the rlnh;hm alternated in 
between as if the conduction was recovering tempoiaiih This phase continued 
for a long time and injection of 2 mg of atropine made only a slight differ ence to the 
rate, Fig g, but increased the foice of contraction "With bigger doses the same 
ea ents w ere noticed to follow at quicker succession and ultimate!} the heart 
stopped, sometimes in svstole and at others in diastole 

Mammalian heart Graph ] , figs a, b and c illustrate the effect of Thea etoxin 
on isolated rabbit’s heart, perfused through the aorta , tracing in Fig a show s marked 
stimulation which followed an mjectionof 0 25 mg , tracing in Fig b shows the 
events half an hour later when the heart rate had slowed down to half but there 
was no irregularity and the original stimulant effect was passing off Another 
injection of 0 25 mg again produced some stimulation accompanied with regular 
e^ra svstole after each beat , a few minutes later the heart became quite irregular 
and finally stopped m diastole (Fig c) Graph 1, figs h, i andy show a myocardio- 
gram from a decerebrate cat which had two injections of 0 25 mg and 0 5 mg It 
depicts some of the various types of irregularities which haa e been met w itli during our 
w ork on this drug Tracmg in Fig h shows the periodic a^ariation m the systolic and 
diastohe excursions which take place when auricles and a entricle beat at a slightly 
different rate and which has been described during the toxic phases of digitalis and 
strophanthin (Cushny, 1925) The ventricle also shows a few extra systoles In the 
first part of the tracing in Fig i both the auricle and ventricle a\ ere beating irregularly 
At X the drum was stopped for 10 imnutes when both the amides and the a’entricles 
W'ere found to haa^e regained the normal rhadfim , the a^agi were now cut and another 

0 5 mg was injected , marked irregidarity of the auricles and a’-entricles again made 
its appearance After few minutes both the auricles and a*entiicles began to fail 
and there were long periods without any cardiac cycle and then a few a'^entiicular 
and auricular beats escaped through at irregular intervals, before the heart completely 
stopped with ventricles m fidl relaxation and auricles well contracted Cardiometer 
experiments wnth decerebrate and spinal cats also showed stimulation and then 
marked increase in the heart volume and finally arrest in full diastole (Graph 3 
figs / and g) 

Fisher investigations mto the nature of the cardiac irregularity were made 
with ■&e electrocardiograph on amesthetized dogs This was made possible by the 
kind help and co-operation of the Phvsies Department of the Lucknow Universitv 
and we wi^ to express our grateful thanks to Dr Wall Mohammad and Dr K N 

1 ? Graph 2, fig a represents the normal electrocardiograph of a dog of 4 

kilo body-weight under urethane-morphine ansesthesia , Fig 6 represents the effect 
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of 0 25 mg — tfiore is no change in the electrocardiograph , Fig c represents events 
aftei the dog had received 2 mg of the gliicoside 'in lead 1 the auricular heats 
are coming at nregnlar intervals and tlie P R interval at ] and 3 is bigger than 
normal This shows that there is partial block between the node and auricles 
and as well as between the auricles and ventricles In leads 2 and 3, which were 
taken a few minutes later than lead 1, it appears that there is idioventricular 
rhythm from the left ventricle and no impulses are arriving from the pace-maker 
Fig d wdneh was taken after 4 mg of atropine shows return of P waves niarkeci P, 
but P R IS very long and of varying length There also appears to be left branch 
block After another 1 5 mg the dog expired suddenly and we were unable to 
take electiocardiographic record of teiminal events 


Alimentary system — The normal rh 3 '-thmical movements of flic ileum of the 
dog in silv (finger-cot method) were first stimulated and then the movements 
decreased but theie was gradual increase in tone (Graph 3, fig b) This action uas 
present though less marked after severance of vagi and atropinization of their 
nerve-ending'5 The excised strips of ileum of the cat shov an inciease in the tone 
and the amplitude of contraction'; (Graph 3, fig d) Atropimzation of the vagal 
neivc-endings was effective in bringing down the tone^ so probably the effect was 
both through the stimulation of the vagi and a direct action on the plain muscles 


Re^fiialouj system — In all the animals in which toxicity experiments were 
conducted, appreciable changes in the rate and character of respiration were notice- 
able The rate usuallv became slow though sometimes, and particularly m the 
initial stages, was quickened There was invariably an incieasc in force and Ihe 
respiratory excursions assumed a laboured character The accessor}^’ muscles of 
lespiration were often seen to come into action Graph 3, fig a shows the record 
of tracheal pressure wuth a Marey’s tambour from a dog under morphine-urethane, 
with 0 5 mg there is a marked increase in the pressure , as the vagal nerve-endings 
were paralysed so the action seems to be a direct one 

Uterus — In situ as well as in excised strips increase in tone was observed 
(Graph 3, figs c and e) 


Nervous system — General depression and drowsiness wms a marked featuie 
observed in animals on which toxicity experiments were carried out This came on 
quite early with a big dose but with smaller and non-fatal doses was usually preceded 
by a period of irritability, excitement and tremors Convulsions were noticed 
near death particulaily m guinea-pigs It is said that prostration and drowsiness 
are due to a state of collapse resulting from excessive vomiting and purging, but we 
noticed drowsiness and paresis even in animals in which no vomiting and purging 
takes place (guinea-pigs and rabbits), and in dogs it sometimes precedes vomiting 
This leads us to believe that the drug has a depressant effect on the higher centres 
and stimulant effect on the lower (medulla and cord) which accounts for the 
lant action of the respiratory and vagal centres and also for tremors and tv itclimgs 
Convulsions which were observed only near death were probably due to ancemia 
of the brain resulting from failing heart Vomiting, in our opinion, is also a cen ra 
effect, for this was observed much earlier and with smaller doses when the drug va 
administered subcutaneouslv than when given by mouth Besides, on post-mor 
examination of cats which had received large doses by mouth no signs oinn a 
effect on the stomach-wall or intestines were observed 




fig h Fig t Fig j 

Figs a b and c — Rabbit’s isola'ed heart, perfused -nitb Locke’s solution 
(Lagendarfs method) Upstroke=sTBtole Figs rf, e./andp — ^Decerebrate frog 
A=Auricle, V=Ventncle, Dpstroke=svstoIe Figs i audj— Mvocardiograms 
from a decerebrate cat (2 2 kilo) Ventricle (upper) at Fig h, the cat had 0 7S mg 
of Thevetoxin and is showing the toxic phase of the drug , each beats m regular 
rbvthm, but at slightly differwt rates and this irregulanty gives n'e to penodic 
variation- in the sistoho and diastolic excursions 










T'lg d 

Fig a — Electrocardiographic tracing from lead 2 of a dog (4 lulo) 
morphine-urethane anaesthesia, sinus arhythima is apparent Fig 
lead 2 of the same dog, after it had 0 25 mg of The^eto^In — no changes ar 
Fig c — leads 1, 2 and 3, from the same dog, after it had a total oJ Z g 
Thevetoxiu In lead 1 the beats are coming at irregular intervals 4^3 

3 F R interval is longer In leads 2 and 3, 

later, idioventncular rhjthm seems to be present Fig d — The do,^ 

4 of atropine — ^it appears as if left branch block has set in 


Geaph 3 



Fig / Fig g Fig h Fig i Fig j 

fig a — Dog (7 LJo), \agi cut , vagal ends atropmized The tracing shovs changes in blood pressure and 
tracheal respiration (records with ^larey’s tambour) after an injection of 0 5 mg of ThevetoMn Fig b — Dog 
(10 kilo) The tracing shows changes in intestinal movements (finger cot method) and blood pressure with 1 mg 
of Thcietoviu Fig c — ^Dog (12 5 kilo) The traemg shows changes in utenne horn (upper) and blood pressure 
with 1 mg of Theietovin Fig d — ^Isolated ileum of cat suspended in 150 cc of Tjrode’s solution at 57 C 
Fig e — Isolated uterus of cat suspended in 150 c c of Tj'rode’s solution Fig / — Decerebrate cat (2 2 kilo) 
The tracing represents changes in heart volume (H V ) and blood pressure with 0 25 mg of Thevetoxin Fig g — 
Shows the above events in a spinal cat (2 5 kilo) Figs h, j and j — Kecords of pressure in the arterial cannula 
secured in the abdominal aorta of a dog, just above the bifurcation to hind hmhs , Fig h, when saline u as used 
for perfusion, Fig i, when it was changed to freshly defibnnated blood and Fig ], when adreualin“ uas added to 
the reservoir Divon’s pump was used for perfusion 
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' Discussion 

It -would appear that the most important action of Thevetoxin like that of 
Theretm is on the cardiovascular system The nature of this action varies -with the 
doses employed Smaller doses stimulate the systolic contractions of the heart and 
produce m irked rise in blood-pressure Toxic doses tend to produce cardiac irregu- 
larities as in the case of the digitalis group of drugs That this action is m part due 
to the stimulation of medullary centres is proved by the fact that changes in blood- 
pressure and heart rate v ere affected differently in decerebrate, spmal and intact 
cats That the drug also acts on the peripheral vagal mechamsm is shown by the 
fact that the conduction disturbances, particularly those occurring between the 
pace-maker and the auricle, were due fo the stimulation of vagal nerve-endings 
But the fact that marked cardiac irregularities were noticed both in frogs as well as 
in cats and dogs, after the vagal nerve-endmgs v ere efficiently paralysed, makes us 
believe that though the drug acts to a certain extent through the medullary centres 
and the vagal nerve-endings, the major action of this glucoside is on the muscle 
fibres of the heart IVith small doses contractile fibres are stimulated but -with 
toxic doses it IS the conductile system \shich is most adversely affected, which 
accounts for the fact that cardiac arrest nearly always takes place in diastole 
Thevetoxin thus seems to differ from the digitalis group of drugs m ha-vmg a more 
potent action on conductile fibres and a feebler action on the contractile tissues 
In its toxic action the whole of the conductile system of the heart seems to be affec- 
ted, for the slowmg of the heart as a vhole as in Graph 1, fig 6, and long pauses 
during V hich no cardiac cycle seems to take place, are evidences of the fact that 
either the pace-maker is affected or there is supra -auricular block The prolonga- 
tion of P R interval (Graph 2, figs c and d) and occasional fadure of the impulse 
to. reach the ventricles pomts to a block between auricles and ventricles Lastly, 
the broadenmg of Q R S complex and its notching shows that conduction through 
the terminal branches of the bundle of His is also affected Dltunate failure of the 
heart is sometimes preceded by ventricular fibrillation and sometimes the pace- 
maker seems to fad 

The pressor effect of the drug which is well marked is partlv through the con- 
striction of the blood vessels and partly through the stimulation of the heart Dor 
the constriction effect presence of initial tone in the blood vessels seems to be neces- 
sary, for no such effect was noticed when blood vessels of frogs, cats and dogs were 
perfused -with Ringer’s solution or defibrmated blood , but when pituitrin or adre- 
nahne was added to the perfusing solution, the pressor effect was well marked 
However, the extent of pressor effect uhich was obtained in perfusing experiments 
was much less compared to that obtained in intact ammals , this fact along -with 
the observations that the spleen, kidney and intestinal volumes increased dnring rise 
in blood-pressure makes us beheve that major part of the pressor effect was through 
stimulation of the heart 

The glucoside has a siradar stimulant action on the plam muscles of the 
mtestine, uterus and bronchi 

Thus, in their general pharmacological action the two glucosides of Thevetta 
nenifoha resemble each other closely, the mam difference being in their toxicity 
Of the two, Thevetoxin appears to be much less toxic and has no claims to the name 
given to it by Ghatak 

J, MS 
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The Phmmdcological Action of Thevetoxin 


Tlievetoxin also closely resembles drugs of tbe digitabs group in its action 
on tlie cardiovascular system with tbis difierence that action on the conductile 
system of the heart is more marked than on the contractile tissues Thevetonn 
has no local irritant or anaesthetic action like digitahs and strophanthus 

Summary 

(1) Thevetoxin is a second glucoside from TheveUa nemfoha Ghatak, work- 
mg at the Chemical Laboratory of tlie Allahabad Umversity, isolated it, hy a 
method which is described above 

(2) Thevetoxin closely resembles Thevetm of Chopra and Mukerjee in its general 
pharmacological action but difiers in bemg less toxic The name of Thevetoxin 
given by Ghatak appears unsuitable as it imjilies greater toxicity 

(3) Thevetoxin has a stimulant action on the plain muscles of the mtestme, 
blood vessels, bronchi, uterus and heart 

(4) The cardiovascular action of Thevetoxm closely resembles, that of the 
drugs of the digitalis group with this difterence that the action on the conductile 
system is more marked This accounts for the cardiac arrest in diastole 

(5) Unlike digitalis and strophanthus, Thevetoxm has no local irritant action 

(6) Thevetoxm, though less toxic than Thevetm, is yet toxic enough to prevent 
its safe use as a therapeutic agent 
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BLOOD-GROUP DISTRIBUTION IN THE TODAS 
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The Todas are a primitive people living on the plateau of the Nilgms, the hiU 
resort of Southern India In spite of their small number (it vas 597 at the Census 
of 1931) they have attracted a good deal of the attention of the ordinary visitor 
and the anthropologist, owing to their quaint and umque customs They are a 
pastoral people whose only occupation is the tending of buffaloes Even then 
rehgion is mixed up v ith these creatures to a large extent They are the earliest 
settlers of the district and are considered as ‘ lords of the soil ’ Of then social 
customs brief mention may be made of polj andry, polygamy and female infanticide 
This last practice has died out in recent years Polygamy has perhaps crept in 
recently Both polyandry and polygamy are of the fraternal type where one or 
more wives are shared by brothers The Todas live m complete seclusion and there 
has been no instance of inter-marriage with other communities 

The Todas are so different from the other inhabitants of the region that specula- 
tion has been rife as to then origin Various theories bmlt upon insufficient evidence 
need not be mentioned here Dr Caldwell, quoted by Grigg (1880), thinks that 
they are a Dravidian race who left the plains after the Aryan invasions, but before 
the tenets of Brahmanism had taken any hold upon the minds of the people and 
before there had been anv extensive mixture of races Rivers (1906) who made a 
thorough study of the Todas is inclined to the view that they are of Dravidian origin 
and came from the direction of Malabar He is not certain of the time of migra- 
tion , but it must have been some centuries ago 

■\Yhen an investigation was bemg conducted by the King Institute (Pandit, 
19271 into the health of the Todas, the opportumty was taken to determine the 
distribution of blood-groups among them A census which was conducted at the 
tune showed that there were 582 Todas, and bloods of 200 individuals were grouped 
The two test-sera were obtamed from Lieut -Colonel R B Lloyd, i M s , Imperial 
Sexologist, Calcutta, to vhom our thanks are due The microscopic test was 
employed 

Technique 

Two drops of blood were received into 5 c c of citrated sahne This was the 
cell suspension A (Bop of groups A and B sera v ere placed separately on a shde 
and each drop was thoroughly mixed with a drop of the cell suspension After a 
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short interval, a cover-slip was placed on each mixture, and after standing at room 
temperature for 15 to 20 minutes, the preparation was examined under the low 
power of the microscope for presence or absence of agglutination If the cells are 
agglutinated by group-A seium alone, the blood belongs to group B , if by 
group-B serum alone, to group A ; if by both sera to group AB and if by neither, 
to group 0 

The distribution of the groups and the values of the frequencies p, q andj 
arrived at, are given in Table I — 


Table I 


0 

A 

B 

AB 

Total 

69 (29 6 per cent) 

! 

39 (19 5 per cent) 

76 (38 0 per cent) 

26 (13 0 per cent) 

m 


p ~ 17 8 , g = 30 0 , r — 64 3 (percentage) 


The values p, q and t representing respectively the percentage frequencies of 
A, B and 0 were calculated by using the following formulae of Snyder (1929) in 
accordance with the triple allelomorph hypothesis of Bernstein * — 

p = 1 — VO -f B 

q = 1—vo + ir 
)= Vo 

The Todas being a primitive Dravidian people of Southern India, who in their 
seclusion have undergone little or no admixture with other races, it should be 
inteiesting to compare their blood-group distribution with those of Dravidian 
people in other parts of India Few results of blood-grouping in India have been 
published^ 

Malone and Lahiri (1928) examined, besides other Indian types, the blood of 
589 Dravidians consisting of Uraons, Mundas and Santals — aboriginal peoples of 
Chota-Nagpur Their results are tabulated below along with those for Todas — 


Table II 



Number 
examined i 

0 j 

B 

^ 1 

AB 

1 

^ ! 

' 1 

r 

Dravidian type of 

589 

24 3 

27 6 

36 8 

114 

21 9 

^ 28 1 

19 2 

Malone and Lahin j 




I 





Todas , j 

200 

29 6 

19 6 

38 0 

13 0 

17 8 

30 0 

1 54 3 


(The figures are m percentagos ) 


♦SiHSOHrEiiD and Hihsoefeld (1919) examined bloods of 1,000 Indian soliers *1 
Maoedoman Front during the Great War They were, however, deahng with a heterogen 
population consisting of several Indian races 

GaAtroHUEi (1931) grouped bloods of 154 Kayasthas from different parts of West Bengal. 
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It will be noticed that, in the Todas, the frequency of B (q) is a little higher and 
that of A (p) IS very much lower than m the Dra vidian type of Malone and Lahiri 

The frequency of A is also lower in the Todas than m the other Indian types 
or races examined by these authors, namely, Turko-Iraman, Indo-Aryan and 
Hmdus of the United Provmces, m whom the frequency was 18 1, 18 8 and 17 9 
respectively The frequency of B in these races — 21 4, 24 1 and 26 1 respectively 
— IS very much lower than in the Todas 

Summary 

The results of blood-groupmg in 200 Todas, a primitive Dravidian people of 
Southern India, are recorded 

These are compared with the frequency figures published for other Dravidian 
and other races m India by Malone and Lahiri (1928) 
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While the clinical effects produced by urea-stibamme and other aUied anti- 
momals have been the subject-matter of a great number of papers, the pharma- 
cological action of these compounds has received but scant attention Chopra 
(1927), as the results of experiments on cats, stated that the orgamc compounds of 
antimony produce a fall of systemic blood-pressure -when given intravenously, 
the effect being due partly to the lessened output of the heart and partly to dilata- 
tion of the spUnchmc vessels The pulmonary pressure and that in the inferior 
vena cava was found to be raised 

The present work was undertaken to extend Chopra's observations But we 
used only dogs for all our experiments smee these were readily obtained from the 
municipal lethal chamber and cost practically nothing The general anffisthesia 
used was either paraldehyde by stomach tube or morphia subcutaneously followed 
by chloretone mtraperitoneally The urea-stibamine used was that manufactured 
by Brahmachari A small supply was first obtained from hun, but later we 
bought the drug as required from the open market The results obtamed by us 
are given below — 

Action on the heart —The action of urea-stibaimne on the dog’s heart v as 
studied by means of the myocardiogram in the intact animal Graph 2, 
figs a and b, bhows the myocardiogiaph records Injections of 200 mv tp 

( 617 1 
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260 mg. produced a depression of botli the auricle and the ventricle, which tended 
to pass away quickly In both cases illustrated the effect had disappeared m 
about 1 J minutes It will be noticed that in Fig b the iveakemng and dilatation 
of the cardiac muscle is greatest with the secondary rise of blood-pressure hen 
continuous intravenous injections were given, up to a maximum of from 600 mg 
to 1,000 mg , the cardiac contraction became more feeble and the blood-pressure 
fell markedly and did not return to normal Taking the blood volume to 
represent l/13th of the body-weight, the concentration m the blood of a dog 
weighing about 6 kilos, after an intravenous injection of 200 mg , will be 
approximately about 1 in 2,000 The ordinal y therapeutic dose m human 
beings is about 200 mg intiavenously A larger amount is rarely given m a 
single dose This represents a concentration of about 1 m 20,000 in the 
circulating blood for a person weighing about 60 kilos Therefore, the 
concentration of urea-stibamine in the blood of a dog injected with 200 mg to 
250 mg intravenously will show appioxmiately 10 times that obtamed in the 
human blood Such a big concentration has in the cases illustrated (Graph 2, 
figs a and b) only produced a transient depiession of the heart Perfusion of the 
isolated kitten’s heart with as high a concentration as 1 in 2,000 shows a slight but 
persistent depression of the amplitude of contraction A 1 in 500 dilution causes 
only a temporary depression of the perfused isolated heart of the frog (Graph 2, 
figs c and d) 

Electrocardiograms were taken of the dog’s heart before and aftei an intra- 
venous injection of 200 mg urea-stibamme Tw'o records were taken, one 
immediately after injection and another 35 seconds after the mjection was given , 
the duration of both being 28 seconds In neither case was any abnormality noticed 
as regards the electric conductivity of the heart or its rate or regularity 
Electrocaidiograms weie also taken of two cases of kala-azai undergomg treatment 
in the General Hospital, both before and aftei intravenous injections of 200 mg 
urea-stibamine No changes were obseivable Studied accordmg to "Waddell b 
technique urea-stibamine was found to have no effect on the refractoiy period of 
the turtle’s heart 

On hlood-^i essure — Intravenous injections of about 200 mg to dogs weighing 
about 5 to 6 kilos produced somewhat varying effects In most cases, immediately 
following the inj ection thei e wa s a slight fall of blood-pi essure and this was succeeded 
by a rise which was veiy marked in some cases, vide Graph 1, fig a, Graph 2, fig o, 
and Grajih 3, fig a In a lessei numbei of cases tiieie was little change m 
the blood-pressure after injection, e g , Giaph 3, fig c In a feiv cases onl} 
a transient fall of blood-pressure was noticed, vide Giaph 1, fig c, whereas 
much as a total of 500 mg had been administered, also Graph 2, fig 
Graph 3, fig b In cases where the subsequent rise was quite maiked it pcrsistcc 
even after doses of ergotoxin which reversed the pressoi action of adrenaline, 
vide Graph 1, fig b 

In order to find out whether the ordinaiv therapeutic intravenous do^ge of 
50 mg to 200 mg in human beings had any effect on blood-piessure, Hr 
Krishnaswamy, Professor of Therapeutics in this college, kindly ” 

make the observations recorded in Table I on the patients in his wards at 
Madras General Hospital 



Graph 
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Fig b 
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TABLt I 

Blood-pressure bcfoie and aflei urea-slxbannne xn man 


Name 


Blood pressure before 

I^JECTIO^ 

Blood pressupe after 

INJECTIOX 

Systolic, 

mra 

Diastolic, 

ram 

Sjstohc, 1 
mm j 

^ Diastolic, 
mm 

Kasi 

50 

104 

GO 

96 

52 

Said Ah 

100 

100 

70 

105 

75 

Vemigopal 

100 

115 

85 

105 

70 

Ethira]ulu 

100 

1 114 

6S 

110 

58 

Arogyasamy 

200 

110 

68 

112 

66 

■Vemigopal 

200 

110 

68 

110 

68 

Palayam 

200 

105 

00 

105 

65 

Apfhajothi 

200 

115 

60 

110 

[ 70 

Ramasami 

200 

130 

65 

130 

I 50 

ArulRami 

200 

115 

60 

no 

j 70 

1 


The results sho-w that the efiects, if any, on both systolic and diastolic blood- 
pressure are inconspicuous There svas an average fall of 6 mm of systolic blood- 
pressure m 6 of the ten cases, no change ■was noticed in 3 and the blood-pressure 
rose by 5 tutu in one instance 

Oncometric recoids nere taken of the volumes of the spleen, intestines, kidney 
and the hind limb The limb volume showed an appreciable rise (Graph 3, fig c) 
but the volume of the spleen aud the intestine (Graph 3, figs a]^and 6) invariably 
showed a very well-marked fall The kidney volume also was reduced 

We perfused these organs removed from the body, using the perfusion apparatus 
of Dixon at body temperature Our method was to ansesthetize the animal with 
ether or chlorofoim and then bleed it through the carotid artery, at the same time 
in] ectmg saline through th e f emoi al vein ^^'^^eu the fluid commg out of the carotid 
cannula became pale, the animal is as opened up and the organ removed This 
served to wash out the blood from the organs and prevented blood clotting mside 
A cannula was placed in the mam artery, any coUateral branch was ligatured and 
the organ placed over a Buchner’s funnel inside the Dixon’s apparatus The perfu- 
sion was then started with oxygenated Locke’s fluid contaimng defibrmated blood 
from the same animal The stroke of the pump was adjusted to a convement 
height so as to deliver on an average about 0 6 c c per stroke The perfusing fluid 
flowed out of the organ through the vem and was caught in the graduated vessel 
provided for the purpose The tune taken for the outflow of 60 c c was recorded 
by means of a stop-watch and when several readings were more or less constant a 
dose of urea-stibamme was injected into the rubber-tubmg just aboi e the arterial 
cannula The tune taken for the outflow of 60 c c was again recorded several 
readings being taken in order to obtam the maximum efiect Experiments 
were done m tins manner with the following isolated organs fiver, spleen kidnej 
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tlic ]nnd limb and the lungs In the case of the latter, both lungs with the trachea 
and the heait wcicrcmovcd The arterial cannula Avas introduced into the opening 
of the imlmonary artery in the right ventricle, the outflow being from the left 
auricle , the rest of tlic heart was snipped off The lungs were moderately inflated 
and deflated by means of Schuster’s artificial respiration pump In perfusing the 
limb, cannulto v eie placed in the femoial artery and the saphenous vein and the hmb 
disarticulated Ligatuies vere placed around any bleeding point 

Table II gives the results of oui experiments — 

Table II 



Dose of urea- 

A\ erngc time for 

Maximum retarda- 

Organ [jerfused 


stibuniino in 

ontflou of 60 c c 

tion after injection 

i 

niilligrnms 

before injection 

for 50 c c 



mins secs 

mins secs 


f 

10 

9—42 

5—26 


1 

10 

12—59 

7—0 

Liver < 

1 

10 

6—26 

3—19 

i 

25 

6—16 

5—49 



30 

3—53 

3—0 



48 

3—20 

3—25 


( 

10 

5—26 

4—17 

Spleen 


20 

6—2 

10—6 


25 

6—50 

3—10 


1 

25 

11—45 

2—19 


f 

20 

7—13 

7—49 

Kidnev j 


25 

1 6—20 

4—30 

' 


23 

1 13—37 

19—0 



25 

2—7 

3-32 

Lungs 


25 

2—64 

1— 6 


4S 

7—20 

2—35 



60 

2—33 

0—48 



25 

4—25 

1—49 



50 

2—35 

2—35 

Limli 


60 

7—50 

13—0 



50 

4—30 

1—30 



50 

3—33 

1—2 


The outflow from the liver was markedly delayed with as small a dose as 10 nag > 
the maximum delay noticed being 7 minutes It w ould seem that as much retarda- 
tion has been obtained with 10 mg as after as high a dose as 48 mg and in two 
of the recorded cases the dela-y was even gieater with the smaller dose This retarda- 
tion of outflow was a con'^tant feature 0 01 mg of adrenaline slowed the outflow 
to a very consideiable extent, a delay of as much as 24 minutes having been noticed 
m one case It is interesting to note the effect of injecting histamine Tluee mg 
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to five mg cmtsed a transient quickening followed by retardation of outflow m two 
experiments But larger doses of 5 mg to 10 mg constantly slowed the rate of 
outflow In one case where the liver was continuously perfused with Locke’s fliud 
contammg 0 1 pei cent of histarame a retardation was the only result observed 

Under identical conditions ueostibosan and tartar emetic both caused restric- 
tion of outflow from the lu er In the case of the former, m two experiments the 
maximum retardation was 48 seconds with 50 mg and with the latter 1 mmute 
and 15 seconds u ith 35 mg Neostibosan has but little effect on the blood-pressure , 
there may be a slight fall sometimes Tartar emetic always causes a fall of blood- 
pressure due to a more marked action on the heart No secondary rise of blood- 
pressure ever occurs with either 

Perfusion of the isolated spleen with various strengths of uiea-stibamine showed 
retardation of outflow Small doses produced just a transient delay in the outflow 
In one instance, 10 mg first slon ed the rate of outflow by 31 seconds and the outflow 
almost immediately returned to normal Twenty mg or more caused a constant 
retardation of outflow 

Identical results were obtained with the kidnevs, 20 mg or more prodiicmg a 
constant restriction of outflow from the renal vein In one case, 12J mg produced 
no effect while a further mjection of 12-^ mg slowed the rate of outflow by as much as 
19 minutes 

The lungs also showed a retardation of outflow but the effects were certainly 
weaker The maximum retardation of outflow noticed was only 3 mmntes 32 
seconds and even with big doses of about 50 mg , marked slowing was never obtained 
Addition of about 0 01 mg of adrenabne to the perfusmg fluid first caused an 
acceleration of the outflow and this was followed by constriction 

The effect of perfusmg the isolated hind hmb of the dog was not as constant 
Large doses were needed to produce an appreciable effect In only one case was 
the retardation of the outflow from the vein marked, it was 13 minutes, with 50 mg 
In the other experiments, the maximum retardation noticed was not more than 
2]' mmutes In tu o cases there was an imtial slowmg followed by a qmckemng of 
the outflow (see Table III) 


Table III 

Orffa?! 2 }^rfused Hind hmb 


1 

1 

JDrng used j 

Dose j 
mg ^ 

Average time for 
ontflon- for 50 c c 
before injection 

ilasimuin retarda 
dation of outBo^^ j 

1 

Maximum snbse 

1 quent accele 

1 ration 


1 

1 rums secs 

nuns secs 

mins secs 

1 Urea stibamine 

50 

9—36 

4—19 

1 4—17 

Adrenaline 

0 02 ^ 

j 1—30 ' 

1—30 

1 1—35 

2 Urea stibanune 

20 

1 4—25 j 

0—49 

j 0—43 
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Adrenaline too produced an initial retardation of outflow followed by 
acceleration In a single experunent, tlie limb in situ, i e , witli tie nervous 
connections intact, was perfused witb histamine One mg caused a quickening 
of the outflow by 1 minute 49 seconds There was no preliminary slowing 

DiscussiaN 

Urea-stibamine given intravenously to anesthetized dogs more often produces 
a preliminary fall of blood-pressure followed by a rise above normal This 
subsequent rise is not abolished by ergotoxm From the experimental data given 
above, we are led to believe that the primary fall of blood-pressure is due to a 
temporary depression of the heait muscle, causing a transient dilatation of the 
chambers and a diminished cardiac output The cardiac eSect is but fleeting and 
so the blood-pressure quickly returns to normal The subsequent rise of blood- 
pressure we ascribe to a constriction of the blood vessels of the splanchnic area as 
well as those of the kidneys This is to a certam extent compensated for by a 
moderate dilatation of the surface blood vessels The volumes of the spleen, 
intestines and kidneys show a marked decrease Perfusion of the isolated organs, 
VIZ , the hver, the spleen, the kidneys and the lungs, all indicate a constriction of 
the blood vessels in these organs leading to a diminished outflow of the perfusion 
fluid from the veins The liver and the hind limb were perfused with histamine 
which IS known to be a capillary paraiysant In the case of the hver the out- 
flow was diminished but m the case of the hind limb acceleration of the outflow 
was observed According to Samson Wright histamine causes dilatation of both 
arterioles and capillaries in the dog and this explains the vasodilatation of the 
surface vessels and the consequent quickening of the outflow after histamine The 
apparent similarity of action of both urea-stibamine and histamme vhen 
perfused through the isolated liver needs some explanation Bauer, Poulsson, 
Dale and Eichards (1932) perfused the dog’s liver with histamine and 
adrenaline They found varying effects with different doses of adrenaline and 
observed that a relatively large dose of adrenaline, causmg a pronounced con- 
striction of both arterial and portal branches, would be accompamed by a dimi- 
nution of outflow, while a subsequent smaller dose, producing a small rise of 
arterial pressure, would cause a defimte increase of venous outflow The liver 
volume showed a constant decrease after adrenaline Histamine also produced a 
reduction of outflow, but it caused a swelling of the hver According to these 
authors, in addition to the influence of the vasomotor mechanism, the outflow from 
the dog’s liver is controlled by a sluice mechanism, situated near the caval orifices 
of the mam hepatic veins, which is closed by histamme and opened by adrenaline 
Hence the decreased output after histamme while a succeeding small dose of adre- 
naline opens the sluice and lets the accumulated blood to escape We were unable 
to obtain a satisfactory recoid of liver volume, but since the volume of the spleen 
and the intestines decrease there is no reason to bebeve that the liver volume woul 
behave in a different w ay On the other hand it has been shown to be increase 
after histamme Thei efore, the lestriction of outflow after urea-stibamme Mimt e 
put down to a constriction of the hepatic vessels From the data given in lab e 
II it will be seen that the liver vessels are most sensitive to the action of urea- 
stibamme, small doses leadily causing a constriction, while the lungs show a minima 
effect even with large doses 
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Chopra and Das Gupta (1928) found that provocative injections of urea-stiba- 
mine and other antimonials liberate the Leishman-Donovan bodies into the peri- 
pheral circulation This they attributed to engorgement and increased rhythmic 
movement of the spleen and the liver producing a rupture of the endothelial cells so 
that the parasites appeared in the peripheral blood of these patients where they 
could not be detected before Physicians have used injections of adrenaline for 
diagnostic purposes in both kala-azar and malaria in order to force the 
parasites into the peripheral circulation This effect is to be attributed to adre- 
naline causing a marked constriction of both the liver and the spleen and thus 
squeezing out the parasites into the peripheral circulation Urea-stibamine may 
conceivably act in a manner similar to adreuabne The pulmonary pressure 
rises markedlv after urea-stibamine (Graph 1, fig c) This vould lead to a 
damming back of the blood in the right side of the heart and may partly be 
responsible for the temporary dilatation of the heart The increased peripheral 
resistance may also under certain conditions contribute to a dilatation of the heart 
to start with Such an effect has often been noticed vhen intravenous injection of 
as small a dose as 0 025 mg of adrenaline is given to ansesthetized dogs It may 
be that the marked constriction of the splanchmc vessels noticed after urea- 
stibamine also may thus contribute to the temporary weakening and dilatation of 
the heart 

It has been observed that large doses, e g , 50 mg , are required to produce an 
appreciable constriction of the blood vessels of the perfused isolated limb In two 
of the experiments the initial effect was a vasoconstriction but this quickly gave 
place to a dilatation of the vessels lesultmg in acceleration of the outflow Adrena- 
line also was found to produce identical effects In the intact ammal adrenaline 
constricts the splanchmc vessels and at the same time there is a compensatory 
dilatation of the peripheral and surface vessels Similar results have been obtained 
after urea-stibamine While adrenaline produces these effects by a sympathomi- 
metic action, urea-stibamme perhaps acts more peripherally on the musculature 
as the pressor effect is not abohshed by ergotoxin and as constriction of the 
pulmonary vessels is also noticed 

Antimony is usually classified under capillary poisons along with arsemc 
and histamme The picture presented above does not seem to bear out this 
statement The action of antimony on the circulation seems to be quite different 
from that of histamme We gave mtravenous injections of potassium antimony 
tartrate in 2 per cent solution to two dogs, startmg with 1 c c Both died, one 
after 6 c c , and the other after 18 c c They showed symptoms of weakness, apathy 
and had frequent motions prior to death The motions were more of a dysenteric 
nature with slime and blood, but were not diarrhoeal No typical rice-water stools 
were to be seen, as after arsemc Post-mortem examination showed extensive 
necrosis of the hver and kidney with a certam amount of necrosis of the heart 
muscle The stomach and intestmes were not distended with any kmd of flmd 
Two rabbits were given urea-stibamme mjections intravenously starting with 
0 05 g One died the day followmg the first injection and the other on the mnth 
day after 0 35 g were given The animals did not show any gastro-intestinal 
symptoms Only gradually mcreasmg weakness was noticed Post-mortem 
^amination showed no indication of any gross internal lesion Although we 
have not examined this pomt m detail we are forced to the conclusion that more 
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work will have to Tie done befoie antimoii)’- is establisk^' as a capillary poison, 
since antimony does not seem to bekavc like the capillary dilators, arsenic or 
histamine 


SlTMMABY AND CONCLUSIONS 

1 The cardiovascular action of urea-stibamine on the dog has been investi 
gated 

2 Urea-stibamine produces marked constriction of the volumes of the spleen, 
liver, kidney and intestines There is a compensatory increase of the limb volume 
The vasoconstriction is most marked in the liver and least in the lungs 

3 Two himdred mg to two hundred and fifty mg of urea-stibamine given 
intravenously to ansesthetized dogs leads to a transient depression of the heart and 
dilatation, as observed by the myocardiograph This eSeot appears in about 40 
seconds and disappears in minutes 

4 On the blood-piessure the more constant effect is a prelmnnarv fall 
succeeded by a rise above normal This rise is not abolished by ergotoxin and 
seems to be correlated with the marked constriction of the splanchnic blood 
vessels The preliminaiy fall is perhaps due to the transient depression of the 
heart and dimimshed cardiac output These results are obtained with doses that 
produce a concentration in the dog’s blood of approximately 10 times that usually 
found in the human blood aftei therapeutic injections of about 200 mg of 
urea-stibamine 

5 Electrocardiograms taken after intravenous injections of 200 mg of urea- 
stibamme to dogs and human beings show no abnormality 

6 Theiapeutic doses of about 200 mg given intravenously to human beings 
produce little effect on the blood-pressure 

7 The classification of antimony among capillary poisons is questioned 


Our acknowledgments are due to Dr P Krishnaswamy, Professor of Thera- 
peutics in this college, and his assistants for the observations on the blood-pressure 
of patients under treatment for kala-azar, to Dr Totadri of the Gov ernment X-ra) 
Institute for taking the electiocardiograms, to Dr A K Goyle, Professor of Pat o 
logy, and his staff for help in post-mortem examination of tissues and to Dr 
Iswariah for help in the earlier stages of our exj)eriments 
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The outbreak was first noticed m a pen containing twenty-one young guinea- 
pigs from three weeks to three months old Five of them were found to be affected 
by an acute type of conjunctivitis marked by severe swelbng of the eyehds, appa- 
rently intense photophobia, and plenty of purulent exudate All the five were at 
once isolated Two days later three more from the same pen contracted the disease, 
and were isolated A third batch of two more were attacked after another tn o days 
and this tune the healthy ones were removed to another pen Though there was 
one more attack in this new pen, the epidemic did not spread further for the tune 
bemg 

An extreme qmetness, staring coat especially marked about the head, and the 
hiding of their snouts under the beUy of other animals were the obvious mdications 
of the affection On closer exammation, the eyelids were found to be very much 
swollen gnung the eye an appearance of standmg out The eyelashes had mostly 
fallen off and the skm around the eye was denuded of hair to a short distance This 
portion of the skm was reddish v hite Thick, copious, white discharge had collec- 
ted at both the angles and formed a thin film over the eyeball The conjunctiva 
was red and angry-looking and the cornea opaque From the circumstances that 
the animal hid itself m comers or pushed its snout under the belly of other animals 
and from its trying to evade exammation of the eye, there appeared to be extreme 
photophobia Rhimtis nas present m all the cases The affection remained 
unilateral m many but m others it spread to the other eye The affected 
ammals were extremely ill and took their fodder very sparmgly Of the first batch 
of ten observed four died within the first five days of affection, presumably from a 
generalized infection and septicfemia The temperature was not recorded, but the 
blood showed neutrophiha m two cases exammed The acute course of the disease 
lasted for five days Four of the recovered animals were completely cured while 
the remainmg two showed a residual chronic form of conjunctivitis 

An identical epidemic broke out two months later, nme young animals m a pen 
gettmg the affection On both occasions the epidemic broke out during the rainy 
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season and only in those pens where the young guinea-pigs were housed, the grown 
up ones of the adjoining pens entirely escaping the infection 

Bacteriology 

The smears from the conjunctiva of these ammals did not show anything eluci- 
dative Material from the conjunctival sac was plated on nutrient agar and the 
organisms grown thereon were studied Separate broth-cultures of four different 
types of colomes were made and a platinum loopful of each, after twenty-four hours’ 
incubation, was instilled into the eye of different gumea-pigs with untreated broth 
111 the othei eye as control It was soon found that one of the organisms isolated 
produced an identical type of acute conjunctivitis in the experimental animal in 
four to SIX days Culture of the conjunctival material of this ammal yielded the 
same organism This was repeated several times successfully and every time a 
bacillus answering to the descriptions of the original one was isolated, thus satis 
fying Koch’s postulates Due to the resemblance this bacillus bore to the Gaert 
ner’s bacillus experimental inoculation with a stock culture of the latter also was done 
with negative results 

In the experimental animals the incubation peiiod was foui to six days decrea 
smg by sub-passages to a minimum of four days, thus incidentally showing an 
exaltation of virulence by such passages The experimentally produced disease 
in the adult guinea-pigs had a longer incubation period and was milder, often 
tending to chromcity Attempts to infect rabbits were unsuccessbil An 
unsuccessful attempt was also made to produce an agglutinating serum 

The organism resembled the Gaertner’s bacillus in many respects It was 
motile and showed a tendency to pleomorphism It was slightly shorter and thinner 
than the Gaertner’s bacillus and was easily and umfoimly stained by the oidmary 
aniline dyes It was Gram-negative No spore formation nor capsule formation 
was ever noticed Broth cultures show ed a uniform turbidity , the colonies on 
agar were also similar in appearance to the Gaertner colonies, but somewhat larpr 
It produced acid and gas in glucose, dulcite, manmte, maltose, galactose and sorbite 
but not in lactose, sabcm and adonite The litmus milk turned slightly acid m 
twenty -four hours but showed production of alkali on the succeeding two days 
Indol formation was not a constant feature 


My grateful thanks are due to Di C Kamamurti, ba, mb,bs, bssc, 
Professor of Bacteriology, Medical College, Vizagapatam, for permitting me o 
pubbsh the above observation 
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Introduction 

SiNCi^ the discovery of the Letshnama donovani, very little scientific study 
had been made regarding the pathological changes and the distribution of the 
parasites in the various tissues of the infected patients Chiistopher's (1904) first 
took up this study in India and published Ins results in the ‘ Scientific Memoirs of the 
Governmeut of India ’ He definitely showed that the parasites of kala azar were 
found abundantly inside large swollen ‘ endothelial cells ’ Later on, this subject 
was studied by Laveran (1909), Perry (1922), Meleney (1925), De (1927) and Cash 
and Hu (1927) A considerable advance was made by Meleney in his study on 
the experimentally produced disease in Chinese hamsters 

My observations are based on the study of necropsy cases obtained from the 
Medical College group of hospitals during the period of five years from 1927 to 1931 
Only those cases in whicli the smears taken from the spleen alter death showed 
Leishnanm donovani are included in this series The total number of cases studied 
was 26 In every case sections of the spleen, liver, bone-marrow, heart, kidney, 
intestines, supra-renal®, lungs and slnn were made and examined 

The post-mortem examinations were made within the first six hours in 8 cases, 
between six and eight hours m 3 cases, between 12 and 24 hours in 9 cases and 
betw'een 24 and 371 hours in the remainder In four cases decomposition had 
advanced too far to allow' complete examination 


Trchnicai- methods 


Tissues were fixed m Zenker’s flmd, Helly’s fluid, 10 per cent formol-sahne, 
and methyl alcohol One of the secrets of success in the successful demonstration 
of the parasites lies in freshness of the materials and perfect fixation In my 
experience blocks of tissues should not be more than 2 mm in thickness before 
putting them mto the fixing fluid 
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The most satisfactory demonstration of the parasites in tissues is obtained by 
a simple rapid method, described by the present writer (De, 1924a , 19246) In this 
method, fixation is done by passing thin slices of tissues through several changes 
of methyl alcohol or, better still, acetone Sections are cut after rapid paraffin 
embedding These arc stained either with diluted Giemsa’s or Leishman’s stain, 
like an ordinary blood film Differentiation requires some experience , but if it is 
done carefully and quickly, under the low power of tlie microscope, with acetone, 
the parasites come out very sharply Although the Leishnania donovnm show up 
brightly and without much duninntion m size, the general morphology of 
other cells and the histological structme of the tissues cannot be studied in detail 
owing to a large amount of shrinkage and consequent production of artifacts 

Another method that I have found very successful for this study is a modifica- 
tion of the method used by Wollbach (1922) in the study of Rickettsia bodies in 
Rocky Mountain spotted fever The actual technique followed by me is as 
follows — 

Fix thin slices m Zenker’s fluid for 24 houis 


Wash in runnmg water for 24 hours 

Pass through 70 per cent, 80 per cent and rectified spirit, absolute alcohol 
(two changes), and acetone The whole process should not take more 
than 24 houis 

Clear in xylol or chloioform or, better still, in cedai-vood oil and block the 
tissues after rapid paraffin embedding 

The less the time reqiuied foi the above, the blighter the pictuie 

Sections should not be more than 6/f to 10/f in thickness 

Remove paraffin as usual 

Remove corrosive sublimate by treating sections with Lugol’s iodine, 
absolute alcohol, rectified spirit, 80 per cent alcohol, 70 per cent alcohol, 
and then put them in running water 

Remove any excess of iodine by 0 5 per cent h}'posulphite solution for 5 
minutes and then v ashing in running wmtei for 10 to 15 minutes The} 
are finally washed in distilled watei foi 10 to 15 minutes after winch 
they are ready for staming 

Stain in dilute Leishman’s or Giemsa’s stain, piefeiably overnight 
Formula for the Giemsa’s solution 


2 5 c c 
2 5 c c 
100 c c 


Stock Giemsa’s solution 
Methyl alcohol 
Distilled water 
0 6 per cent sodium carbonate solution 5 diops 

The stain should be prepared fresh every time The sections should pa-s 
through three changes of the above stain, viz , half an hour in o , 
half an hour in No II, and overmght in No III 


Wash in distilled water 

Differentiate in 96 per cent alcohol with a little collophonium in it 
Rapidly wash in absolute alcohol 
Clear in xylol and mount in euparol 
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It IS bettor to Jiftcrontiate undoi tlie iineroscope in successive stages -with 
absolute alcobol or acetone, and uabli in distilled uatei so that ovcr-decoloiization 
inaj be prc^ ented 

In tins V w, the parasites as w ell as the tissues are beautifully stained and the 
moiphological structure of the \aiious cells can be studied uitli accuracy 

If one wants to ascertain their presence only, and the morphology of the para- 
sites IS not required in detail, the best method of staining is that by iron-liEematovy- 
lin and eosm after fixation by Zenker’s or Helly’s fluid One great advantage in 
this method of staining is that the parasites may be detected quite a long time 
after death e\ cn uhcu the tissues have undergone much post-mortem decomposi- 
tion In one of my cases, in ivhich the post-mortem examination was done 37 J 
hours after death the parasites could be seen although very poorly 

Material fixed in 10 per cent formol-saline i^ not suitable for demonstration 
of parasites although the latter show as black specks when stained bv iron-luema- 
toxylm method 


Distribution or parasites 

In 25 out of 26 of the cases investigated, parasites were found in the spleen, 
the liver, and the bone-mairow, in the 26th case decomposition had progressed too 
fai for satIsfactor^ examination and it was only possible to demonstrate them in 
the spleen 

In the liver, the parasites are located in the bttoral cells of Kupffer, in 
surprisingly large numbers, causing an enormous inciease in the size of the cells 
The parenchyma cells of the liver arc free from them In cross sections some of 
the enlarged Kupffer’s cells mai resemble the hepatic cells very closely and may 
be easily mistaken for them The number of cells containing parasites are small 
in the central zones uliere the capillaries are much dilated and both the Kupfler’s 
and the hepatic cells are moie or less atrophic , but tovards the portal zone the 
parasites and then cell-hosts increase in number In some cases, a fev cells with 
parasites in them may be seen m the portal spaces amongst the collections of mono- 
nuclear cells which are found in the livers of patients who have suffered from dysen- 
tery and other intestinal diseases (Plate XXXI, fig 1) 

In the spleen, the parasites are found m large numbers inside large si\ ollen 
mononuclear cells which are situated in the pulp tissue of the organ There is 
a considerable increase m size and number of these reticulo-endothebal cells and, 
as a result, the limits of the Malpighian follicles are encroached upon by the pulp 
which in some cases extends from one arteriole to another, completely replacing 
the IjTnphocytic elements In such cases, the substance of the organ consists of 
little else than blood smuses and parasite-laden mononuclear cells and thus the 
characteristic splenic pattern is lost (Plate XXXI, fig 2) The number of parasites 
in such a case may be so large that a section of a spleen resembles a film of a staphy- 
lococcus culture (Plate XXX II, fig 3) In less seveie cases, some portion of the 
lymphoid foUicles remains but few parasites can be seen there although the pulp 
tissue is full of them (Plate XXXII, fig 4) Ihavenotbeen able tofind any parasite 
inside the true endothehal cells of the capillaries and blood sinuses, but many giant 
mononuclear cells heavily laden with parasites may be seen in the lumen of the 
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blood spaces as free elements (Plate XXXIII, fig 5) Besides this, many suet 
parasite-laden cells are to be found as free elements in the lumen of the arterioles 
and veins which are cut longitudinally, in association with the other elements of 
blood clot (Plate XXXIII, fig 6) 

In the hone-manow, an almost similar picture is found Many parasites, all 
intra-cellular, are seen inside similar kinds of cells which vary m number according 
to the intensity of the infection (Plate XXXIV, fig 7) The yellow marrow 
may be replaced, in varying degiee, by red marrow^ wdiere similar cells and 
parasites abound 

The distribution of the parasites in other jiaits of the body is veiy inconstant 
My observations are as follows — 

Lympliahc glands — Although the cells of the reticiilo-endothelial system are 
known to be fairly abundant in and about the sinuses, the parasites are, as a rule, 
scanty or absent Occasionally, a few large parasitized cells may be seen in the 
big lymphatic spaces after a very prolonged search of several sections These 
are the usual blood histiocvtes which have phagocytosed the parasites In only 
one case were parasites found — they were in small numbers and lying mtra-celhilarly 
in the glands which had been draining an inflamed area, viz , the gums and 
mouth 

Gastro-intesUnal had — I have searched various parts of the tiact for parasites 
very thoroughly in order to corroborate the observations of Christophers, Peiry, 
Banerji (1923) and Meleney The entire gastro-intestinal tract was searched for 
granulomatous areas as suggested b)'’ Christophers or for the characteristic In'per- 
trophic villous prominences, mentioned by Perry, but I could not find any Pieces 
from the stomach, duodenum and every foot of the small and laige intestines were 
taken for histological study Careful search failed to reveal any parasites in these 
tissues One disadvantage, however, in this study has been the post-moitem 
decomposition which had set in in many of these organs owing to delay in holding 
the necropsy examination 

Supra-renal gland — Parasites were occasionally found in the cortex of the 
supra-renal gland In this organ, the leishmania w’ere seen m the mononuclear 
cells lying between the cells of the zona fasciculata and the zona glomerulosa, bn 
none m the zona reticularis (De, 1924a, 19246) In some cases, a focus of rounc - 
celled infiltration was found iii the cortical portion, and m the inflammatory cc 
mass a few mononuclear cells containing parasites could be seen Out of 20 cases 
studied, I found twm such instances where parasites w^ere detected, but onl> m 
small numbers, (Plate XXXIV, fig 8) 

Heatt — In only one case weie parasites found in the substance of the head 
This was in a patient who had died of kala-azar wuth secondaiy infection 9 
Bacillus tuberculosis An area of inflammatory reaction was present in the subs ance 
of the heart and a few parasites were found inside some of the mononuclear ce 
which accumulated in that area Otherwise, no abnormality could be dc ec c 
and no parasites could be seen in any other part of the organ The parasite- a 
mononuclear cells may be seen in blood clots inside the heart, in the veins anc 
dilated blood spaces practically everywhere in the body This is of course o ^ 
expected in a malady wdierein Leishmania donovam can be demonstrated in p 
pheral blood 
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Plate XXXII 



Fig 3 Section of a heavily infected spleen shoving enormous 
number of parasites Their actual number is larger than vhat is shovn 
in the figure, as all of them could not be brought under the same focus 
(Objective — oil immersion 1/12 , Ocular — ^Leitz No 8 penplanatic ) 



Pig 4 Section of spleen showing no parasites in the Malpighian 
folhcle though the adjacent pulp is full of heavily infected cells 

(Objective — oil immersion 1/12 , Ocular — Leitz No 8 penplanatic ) 


Plate XXXIII 



Fig 5 Section of spleen shomng heavily parasitized giant mononu- 
clear cells in the blood spaces 

(Objective — oil immersion 1/12 , Ocular — ^Leitz No 12 penplanatio ) 



Fig fi Section of spleen showing longitudinally cut venule contain 
ing man^ parasitized mononuclear cells The ondothebal bning does not 
show anj change nor do they contain any parasites 

[Objective — oil immeision 1/12 , Ocular — Zeiss No 4 (comp ) 1 
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Fig 7 Section of bone-mano-n shoviing parasitized cells and 
canty formative tissue 

(Ob]ective — oil immersion 1/12 , Ocular — Leitz Ko 12 peripHnatic ) 



Fit^ 8 Section of supra renal gland showing a focus of round- 
celled "infiltration in the zona fasciculata where a fev parasitized 
cells were detected 

(Objective high power appochromatic 3 mm , Ocular — Zeiss No 

4 penplanatic ) 



r 9 Section of sLin fiom a M 

iil leishmaniasis 

iites and a heavilv parasitized m 

ated giant cell , 

jjective — oil ) 

i—Leitz No 12 penplanatic) 
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Lxmg'^ — In tlic lungs, the parasites are as a rule very scarce or absent 
Occasionall}^ in a i ery hea% ily infected case, one can see a few reticulo-endothelial 
cells containing them, situated around the bronchioles and intimately associated 
with the carbonaceous pigments Unless care is taken, the carbon pigment may 
entirely o^ershadow the parasites which will thus escape detection In cases of 
pneumonia, pulmonary tuberculosis or other lung diseases, it is impossible to locate 
the parasite-mfected cells owing to preponderance of inflammatory exudate and 
fibrosis I found onl} one case in wluch leishmania vere present in such a 
position 

glm — The presence of a large number of leishmama in the skm, in human 
cases of kala-azar, as described b% workers in China, Cash and Hu (1927), and in 
experimentalh inoculated hamsters as described bj Melenej (1925), could not be 
corroborated b'V me in normal cases of kala-azar as found in Bengal, although some 
of the cases i\ ere heai il) mfected I did not see an}'- nodular cutaneous eruption 
as described b} Christophers in two out of his seven cases ^ITiile this is tme of 
uncomplicated cases of kala-azar, the picture is very different in dermal leishmania- 
sis , in these cases, the nodular eruptions show large numbers of mononuclear ceUs 
packed with the parisites filling up the inter-papiLlary areas in the corium 
(Plate XXXIV, fig 9) 


CoMMtNTS 

It -n ill be seen from the above description^, that the jarasites of kala-azai 
appear to have a special affinity for a special group of cells which abound m the 
bver, spleen and bone-marro-n and that they are present in small numbers m other 
parts of the body These cells have a common morphology and are included in 
the group of cells classified by Acchofi (1924) and Kiyono (1914)~as the reticulo- 
endothebal cells, and by Eanvicr as clasmatocytes One of the many functions of 
these cells is the storing of pigments or of any foreign particulate matter introduced 
into the system either artificially, as by vital staining, or naturally in the process of 
infection These parasites cannot remain in the blood as freely circulating bodies 
for any length of time as they are either destroyed by the leucocytes of the body 
or else phagoevtosed and taken up b} the reticulo-endothelial cells Another 
obsenation confirmed by the above study is that, although the leishmama are so 
readily ingested by the phagoc}d:ic cells, they do not appear to be killed or digested 
readily, as may be judged from the intact morphology and the perfect staining 
reactions retained by the parasites, at all stages of the infection Hot only arc 
these bodies uninjured, but they also appear to undergo midtiplication while inside 
the protoplasm of the reticulo-endothebal cells 

It IS difficult to explain the paucity in the number of the parasites in other 
parts of the body apart from the liver, spleen and bone-marrow One of the reasons 
why the}’- are so scanty or absent in these areas may be the enormously increased 
size of the host cells nhich are too big to pass through the narrow capillaries 
Besides, nhen parasites escape, following the disintegration of some of these cells, 
they are immediately taken up by the reticido-endothelial cells and also by the 
leucocytes of the circulating blood Although the leucocytes, includmg the large 
monocytes n hich belong to the reticulo-endothelial system, circulate throuc^h every 
part of body, they do not under ordinary conditions come out of the circufation to 
discharge the parasites inside the tissues where the reticulo-endothebal cells are 



C32 Paiasztes of Kah-azat and Tlie%i Distnhution %n the Body 

present Tlie parasites either die out or these leucocytes manage to Icill them and 
dispose of their loads by enzymatic action Thus, the clasmatocytes of the tissues 
do not get an opportunity, in the normal course of events, to come m contact with 
Idle parasites and to ingest them Hence the absence or scarcity of leishmama in 
other paits of the body 

Christophers (1904), Cash and Hu (1927), Perry (1922) and others have, howei er, 
d ehnitely found parasites in tlie skin, intestine and other areas wdieie I failed to find 
them, but they did not find them constantly in every case By studying very 
minutely the descriptions given by these workers and compaiing them with my own 
observations, I find one important factor present in their cases, viz , the presence 
of some inflammatory reaction in the areas concerned By producing an area of 
inflammation by artificial means and, at the same time, using vital staining Machlin 
and Macklin (1920), Eussel (1929), and Carmichael (1929) have obtained the charac- 
teristic staining even in places wdieie they could not succeed by employing the 
usual method The stimulus of an inflammatory reaction helps to bring into inti- 
mate contact the vital stains and the stimulated reticulo-endothelial cells, which 
had been lying there in a dormant state, the pigment being derived partly from the 
effused blood and partly from the out-ivandering blood phagocytes which have 
ingested it 

It IS reasonable to suppose that a similar phenomenon takes place in leishmama 
infection and the occasional piesence of the parasites in the various abnormal 
situations, as noted above, can be readily explained on the results of these experi- 
mental studies It IS possible that the inflam m atory reaction, set up by some 
iriitant in these tissues, determines the presence of the parasites in that aiea 
Whenever there is an inflammatory reaction in any tissue, the vessels dilate and the 
wandering cells (which belong to the group of reticulo-endothelial cells) aggregate 
in large number and many leucocytes, including poljTnorphonucleai and large 
mononuclear cells, emigrate from inside the blood vessels into the site of irritation 
If such a reaction takes place in the tissues of a man wdio is already infected with 
Leishmama donovam, some of the leucocytes which might have already ingested the 
parasites will migrate to the place of irritation, carrying the latter wuth them msiac 
their cytoplasm The dilated blood vessels may also allow some of the sw'olien 
parasitized cells to pass tlnough them and reach the area Subsequently when 
some of these cells die and disintegrate, they discharge the intra-cellularparasi es 
at the site where the phagocytic mononuclear cells, the clasmatocytes, have a rea ) 
gathered and which at once phagocytose them Thus, when once 
of this group of cells takes place, it is continued by lapid multiplication of para«i 
and proliferation and enlargement of the infected cells It may be that tlic mi 
inflammatory reaction, w'hich primarily started the process, completely ciisappea^^ 
by a process of resolution, leaving behind no traces In that case, the 
picture will show^ nothing but an aiea contaimng many mononuclear ce s w 
intra-cellular parasites just as one finds them in the liver or spleen In 
area of tmsuc in question will show' nothing but a mass of the large parasitize! 
a sort of new formation consisting of these clasmatocytes These will xeadi } apj 
to the naked eye as papillomatous oi granulomatous nodules described by 
the pioneei workers Such tumefactions may therefoie be seen in the 
or in the intestinal mucous membiane, the commonest epithelial surfaces w ‘ 
subject to irritatiou and inflammation due to traimiatism or parasi ic m 
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The regional lymphatic nodes, in which we cannot normally demonstrate the para- 
sites, even m a \ ery heai ily infected case, will show them, as they dram the infected 
area from which paiasites and the parasite-laden cells may reach them, via the 
hanphatic stream 

In tw o of my cases, I found parasites in the supra -renal cortex m small foci of 
round-celled infiltration inside which the Lcislmania dojiovoju were present In 
one case, the parasites w ere detected in a similar eollection of cells in the substance 
of the heart muscle, and in another instance, in a case of broncho-pneumoma with 
stomatitis thee w ere present in the sinuses of the enlarged cervical l 3 Tnphatic 
glands Christophers found them m sub-arachnoid and cerebral haemorrhages 
and also in the edijes of an ulcer in the intestines He also found parasites in the 
skin ulcerations m the low er cxtremitj and in the regional lymph glands of a patient 
dead of leishmania infection Banerji (1923) found them in the scrapings of ulcer 
jU the stomach of a kala-azar case 

It IS frequentl} stated that the parasites are found in the ‘ endothelial cells ’ 
lining the a ascular channels this I ha\ e entirely failed to corroborate There aie, 
in the literature, references to the phagocytic activit) of the vascular endothelium , 
McJunkin (1928) succeeded in demonstrating pigment particles which were ingested 
b> the vascular endothelium, particularly that of the newly- formed capillaries of 
granulation tissue Sabin, Doan and Cunningham (1925) are also of opinion that 
vascular endothelium is phagoci-tic , but Gardner and Smith (1927), StdweU (1926) 
and Maximow (1927) all agree that vascular endothehum has no pow-er of phago- 
cytosis It w oiild appear that phagocj tic activity of vascular endothelium has been 
demonstrated only imder abnonual circumstances, as for instance, innewlj for min g 
capillarj- endothelium of granulation tissue, wheie the cells are not yet sufficientlj 
differentiated In a lew of the fact that a-ascular endothelium is considered to be a 
highly specialized tissue, aery well differentiated functionally, I do not see why it 
should show power of phagocy-tosis It is true that, embryologically, they are 
deru ed from the same stock from which the reticulo-endothelial cells originate and 
therefore should show pow cr of phagocytosis, but m the process of development 
they become entirely differentiated and lose their original quabties except in the 
case of the hver capillaries where, in the littoral cells of Knpffer, this primitiye 
power IS retained to its fullest extent Mj- failure to find any parasites in the hying 
cells of the vascular channels, except in the liver, tends to support this view 


SiraiMARY 

1 The lifferent technical methods for the demonstration oFthe parasites in 
kala-azar and other leislunama infections have been described and then relative 
values discussed 

2 The parasites are always found in large number in the b\er, spleen and 
bone-marrow, and only occasionally in the other parts of the body 

3 The parasites do not remain as freely circulating bodies, but are always 
inside large swollen phagocytic mononuclear cells the reticulo-endothehal cells of 
A'sehoff or the clasmatocytes of Kanviei 

4 Presence of parasites inside vascular endothelium could not be verified 
and an explanation has been given 
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5 parasites are present in areas other than the liver, spleen and hone 

marrow there is usually an inflammatoiy reaction excited by some cause The 
relationship of inflammatory reaction to the infection of the reticulo-endotlielial 
cells by leishmania has been discussed 


I offer my sinceie gratitude to the Indian Eesearch Fund Association forbearing 
the cost of this investigation I am also very grateful to Colonel Sir Eobcrt 
McCarribon, i m S , for his encouragement and valuable suggestions diuing ray 
work Lastly, I take this opportunity to express my great indebtedness to Dr L 
Fj Napier, in charge of the Kala-azar Department of the Calcutta )School of Tropical 
Medicine and Hy’^giene, who has very kindly gone thiough my paper and given me 
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We are analysing the protein fractions of the cholera and the cholera-hke 
vibrios by tvro methods the nitrogen distribution method of van Sl)Le, and the 
racemization method The results obtained from the use of the first method on 
eight nbrio proteins are presented in this paper 

From a consideration of the results of other workers, v e believe that the com- 
parative study of the i ibrio proteins by these two methods will allow us to determine 
their identity or non-identity, both in composition and structure 

Method 

The orgamsms were grown on agar for 48 hours, washed off in distilled w'ater, 
and killed by the addition of 0 5 per cent phenol The bacterial mass was eentii- 
fuged, and washed in distilled water Alternate washings and centrifugings were 
continued until a hydro!) sed sample of the wash-water no longer reduced Bene- 
dict’s solution Three or four washings w'ere usually necessary before accomplish- 
ing the removal of the carbohjdrate, which probably dissolves out of the agar 
during the period of incubation Faduie to remove all the carbohydrate is 
followed by irregular results in the protem anal) sis (see the analysis of vibrio 
No 1716 in the Table) The washed protein was dried in an air oven at 50°C 

( 635 ) 
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Care was taken tliat the proteins should not be subjected to strong acid solutions or 
to liigb temperatures during tlieir preparation In eacb ease (except that of 
Mbiio Ko 1()12-A whore a single determination was made) the anatysis w as done 
in duplicate six gianinies of protein being used The figures given in the Table 
represent the aierage of the two determinations, which in every case agreed very 
closeh 

Strain No 1612-A is the same as strain No 1612, save that it had undergone 
a further purification, as follows A weighed quantity of protein of vibrio 
No 1612 was treated with ether at room temperature, allow ec' to stand for two 
dais, and the ethereal extract renioied This process was repeated three times 
The ethereal extracts were added together, and the ether remoied by 
eiapoiation The remaining material represented a fat content of the original 
of 2 Oj per cent 

The defatted material was then dissohed in the least quantity of 1 pei cent 
caustic soda centrifuged to get rid of any insoluble mipurities, and the protein 
precipitated with 2 per cent acetic acid This process was repeated twice more 
Ifter two further washings with 2 per cent acetic acid, the material was washed 
twice with 95 per cent alcohol, and then twice with anhjdrous ether, and finally 
dried in lacno over sulphuric acid 

As a reference to the Table w ill show that this procedure did not cause any 
outstmding difference in the figures of the anal} sis This fiiitlicr purification 
was tlierefoie not coutmued 


Results 

In addition to the strains upon the carbob}drate content of which we have 
already repoited (Linton and Shrivastaia, 1933), four new strains are included m 
this analysis Of these Nos 7812, 486 and 1676 are t}pical agglutinable vibrios 
derived from cholera Their characteiistic sugar is galactose AVater-i'ibrio 
No 880, dern^ed from water m Calcutta, is non-agglutinable, and contains 
arabmose Of the orgamsms used, five are galactose-containing and three 
arabmose-contammg, of which one (E) is agglutinable, and derived from a case of 
cholera, and the other two are non-agglutinable water -vibrios 

The anal} SIS of strain No 1716, an agglutinable, galactose-containing vibrio 
from a cholera case, is included iii the Table, smee it show s what irregular and con- 
tradictor} icsults will be obtained in the van Slvke anal}ses unless the protein is 
carbohydrate-free This effect, which is most marked on the hnmin nitrocfen, 
and on the bases, has frequently been noted by previous workers The close 
similarity m the figures of the other protems shows, on the other hand, that the 
carbohydrate had been separated from them, at least to the same degree, in each 
case 

Our figures do not gii e an} mdication that any marked differences in nitrogen 
distribution exist among these vibrios The only apparent dissimilarity hes m the 
somewhat lower histidine figures for the cholera-like vibrios , the other basic ammo- 
acids, how ei er, ire similar throughout the entire group 

Figures obtained by the ran SI} ke anal} ses of other bacteria hai e been collecteu 
b} Hirscli (1931) from nrious pipers, and published in connection with his own 
,*nalyses of diphtheria baciUi These figures, unfortunately few m number, mclude 
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only B coll, B kibei culosis, and a stiain of nitrobacteria In comparipon M’lthtlicsc 
niicro-organisms,Hhe vibrios sliow a content of total mono-aniuio-acid nitrogen 
about 20 pel cent higlier than the other organisms, except the nitrobacteria, in which, 
however, the vibiio content is only approached On t]ie other hand, the total 
bases in the vibrios are markedl)’’ lower than those of diphtheria and B colt, and 
about equal to those of the nitrobacteria and B tube) culosis Of these basic amino 
acids, arginine has about the same value in the vibrios, B tuberculosts and the 
nitiobacteria, and is considerably lower than that of diphtheria Histidine in the 
vibrios IS about the same as in diphtheria, but has only half the value it has in 
B iuberculosis and B coli The vibrio h’-sine value is similar to that in diphtheria 
and B coli, and exceeds that of B iuboctdosis Cvstine is reported absent in our 
figures, as also in B cok, nitrobacteria, and in some of the anabses made of 
B tube) culosis and B diphthettce It is probable that this failuie to demonstrate 
cystine is due to a difficulty inherent in the method, rather than to a total absence 
of this important amino-acid 

The amide nitrogen of the vibrios is only about half of that reported m other 
micro-organisms, while the humin nitrogen occupies an intermediate position 
between that of the diphtheria bacilli (1 per cent to 2 per cent) and B coh and 
B tube) culosis (5 per cent to 6 per cent) 

We may say in general that the vibrios investigated form a homogeneous group, 
well marked off m their nitrogen distribution fiom the other bacteria so far investi- 
gated The vibrios are characteiized in this investigation by having a relatively 
high content of the simpler ammo-acids, while their basic amnno-acid content is 
definitely low The relative smallness of the amide nitrogen figure in the vibiios 
points to a comparative simplicity in their protein organisation 

Since the van Slyke analyses leported here and the racemization studies to le 
reported later are different aspects of the same investigation, we will postpone 
discussion of these results until our subsequent paper 

Summary 

The protein fractions of six stiains of agglutinating vibiios and two stiams of 
non-agglutinatmg vibrios have been analysed by^ the van Slyke method 
proteins form a homogeneous group in icspect to nitrogen distribution i '^y 
differ maikedlv, however, m nitiogcn distiibution from othci organisms w no 
have been similaily analysed The evidence indicates that the vibrios nave a 
relatively simple protein structure 
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Introduction 

Many investigators liave recorded that man, bird and monkey, after their 
recovery from an attack of malaria, develop varying degrees of immunity to the 
disease, and that this imm unity renders them partly or v holly refractory to subse- 
quent inoculation of infective material That such an immunity does develop in 
man has been demonstrated in individuals in malarious districts {vide Christopheis, 
1922 , Thomson, 1924 , James, 1931) In paretic patients receivmg inoculations 
of malarial blood as treatment for their disease it has often been found impossible 
to produce a second attack by inoculation of infected blood (Yorke and Macfie, 
1924) The results of eyperiments on avian malaria are also in general agreement 
with these findings and they, in addition, suggest that acquired immunity in birds 
is of the nature of an ‘ immunity to super-infection ’ (Moldovan, 1912 , Y hitmore, 
1918 , Manwell, 1930) Observations on monkey malaria indicate that acquired 
immunity does develop in these animals after recovery from one or more attacks 


* A complete review of the subject has recently been published hv Mulugan and SI^TO^ 
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of malaiia 3918 , LegPi and Bouilbez, 1913 , Blancliaid and Langeron, 1912 , 
Taliaferio, 1932, Mulligan and Binton, 1933) In tha couise of our cytological 
studies and splenectomy experiments in monkey malaiia we made certain observa- 
tions winch coiroborate the above findings and in addition stress the very important 
pait played by the spleen and tlie leticido-endothelial s} stem in acquiiefl immuiiit) 
to malaria We have thciefoie presented oui observations and conclusions in tins 
aiticle 

Material 

The monkey plasmodium used in our expeiiments was liitheito believed by ns 
to be identical with P mm , but now Sinton and Mulligan (1933), from a detailed 
study of the parasite, consider it a new species and liave named it P ImuHest 
I The immunity to infection with this plasmodium has been studied m tlireo 
species of Macacm monlveys, namely, M ihesns, M tnis and 31 ladiatvs Tlic 
ma 30 iity of the animals lefened to in this ai tide were pieviously used in cytological 
and other studies , obseivations relating to immunity made in the couise of those 
studies are alone referred to here 

Natural immunity 

That natural immunity, either partial or complete, to plasmodium infection 
loos exist in monkeys is supported by the following observations — 

Tlie couise of plasmodium infection varies greatly in difterent species of 
monkeys In the rJmus, P Inoiolesi causes an acute fatal infection, vliile m the 
%ius and ladiaius it produces a mild low grade infection which ends in spontaneous 
recovery 

When approximately the same dose of parasite is inoculated into a large miinber 
of monkeys of the same species, some of the animals fail to become infected Ti'o 
out of 27 iJiesits, 2 out of 16 ti us and 1 out of 5 ladiaUis could not be infected at the 
first inoculation On repeating the dose again and again, 3 out of the 5 refractory 
animals became infected, one %'>us and one mdiaius proving resistant till the end 

A study of the pie-patent and patent periods of infection, as well as the 
iity rates in tlie treated and untreated monlceys {vtde Krishnan, Smith and ba > 
1933), also shous that the degree of natuial immunity varies in difterent speac'i 
and in certain individuals of the same species 

Acquired immunity 

Fifteen monkeys, including 8 iJiesus, 6 ims and 1 radiotus, received more tha^n 
one inoculation of infective material after their recovery from an initial attach 

malaria The follouing is a brief summary of the "history of the monlcej s 

general — 

The primary acute attack of malaria which was generally treated with quinine 
lasted for a period varying from 4 to 10 days , 

A short period (1 to 2 weeks) during which parasites were absent from 
peripheral blood ensued , during this period no treatment was given 

Next a longer period (4 to 8 weeks) characterized by a vaiymg 
relapses followed The routine as regards treatment during this period uas o 
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qumiuo onh- when the number of parasites in the peripheial blood was over 5 per 
microscopic field 

After this a ^cr\ lontf period of freedom fiom infection of the peripheral blood 
resulted This extended o\ cr several months and duiiiig thi^- period the animals 
were apparenth m normal healtli and no parasites v ere demonstidblc in the peri- 
pheral blood It was during this period that the animals shosied vari mg degrees 
of acquired immunity If inoculation of infective material nas given duimg this 
period a high degree of acquired immiimt}'- nas noticed, and even nhen it nas 
repeated with massive doses it faded to produce infection 

In Table I results of re-inoculation have been siimmai i/ed according to the 
species of monke)’ studied — 


Tablf I 


Shoiving the re<;uJt<i of re-moculolion iv the diffeienl species of monleys 


1 

Results — 

No infection 

1 

1 Transient infcc 
tion 

1 

Severe infection 

Totals 

Jf rhenis 

■1 

3 

1 

8 

il irus 

4 

2 ' 

0 

0 

1/ rnrliitus 

1 

0 

1 

“ 1 

1 

Totdl number of nnimnls 

9 or GO per cent 

5 or 33 3 per cent 
i 

1 or G 7 per cent 

IS 


It wdl be seen from a perusal of the table that re-inoculation faded to produce 
infection in 9 out of 15 or 60 per cent, caused a mild transient infection in which 
parasites n ere present in the peripheral blood for a few days and then disappeared 
spontaneously in 5 out of 15 or 33 3 per cent, and gave rise to a heavy infection 
that had to be controlled by treatment in 1 out of 15 or 6 7 per cent When these 
results are considered along with the clinical histones of these monkevs (omitted 
in the interests of economy in space) there is an indication — 

(1) that after one or more attacks of malaria, monkeys belonging to all the 
three species (rhesus, irtis and radiaius) acquire a certain defcree of 
immunity to xe-inoculation. 


(2) 

(3) 

(i) 

(5) 


that this immumty is more marked in the naturally resistant species 
than in the naturally susceptible species, 

that the degree of acqnired immumty increases directh in proportion 
to the duration of the primary infection and to the mmiber of 
relapses, or re-inoculations that the animal gets after that, 

that reco-rery from heayy infections does not appear to protect the ammal 
more emciently than recoyery from mdder i^ections, 

that natural recovery from an infection confers better immunity than 
recovery following intensive treatment, 
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(G) that infections allowed to persist in a latent form bj’- judicious treatment 
confei better immunity than those that are rapidly overcome by 
excessive drugging, i e , when the object of treatment is to check the 
severity of the sjonptoms only and obtain a cure through the natural 
immune processes of the body a far higher degree of acquired immunity 
IS generally obtained 


The effect of splenectomy on immunity 

In a previous paper (mde Kiishnan, Smith and Lai, 1933) we reported the effect 
of splenectomy on the couise of malarial infection as studied in 30 monkeis 
belonging to three species In that experiment we used 10 normal animals, 13 that 
had suffered previously from an attack of inoculation malaria and 7 that had 
definitely been proved to have developed a high degree of acquired immunity to 
re-inoculation Extirpation of the spleen in these ammals lowered the natural 
resistance ot the first group and the acquired resistance of the second and third 
groups 

With a view to finding out if the resistance of monlceys to infection with the 
human plasmodium was also lowered by splenectomy we removed the spleens of 
two ilf ihesus monkeys and then inoculated them with infected human blood from 
a case of benign tertian malaiia Neither of the two animals developed any infection 
even when the dose was thrice repeated 


Is ACQUIRED IMMUNITY AN ‘ INFECTION IMMUNITY ’ ^ 

There has been a good deal of discussion as to the probable nature of acquired 
resistance in malaria The pi evading opinion is in favour of the view that it is o 
the nature of an ‘ infection immunitv i e , refractoriness to re-infection is dependen 
upon the presence of a ‘ sub-clinical ’ focus of residual infection in the host and w len 
complete recovery takes place the animal loses its acquired immunitv In order 
test the validity of this view it is necessary to have a reliable method of finding ou 
the existence of a latent infection Different workers have utilized different me lo * 
to accomplish this object Some have injected the blood of the animal 
to have a latent infection into a healthy one to see if infection would occur in 
latter Others have injected healthy blood (foreign protein) into 
animal so that it may help to convert the latent infection into an 
The results obtained by these methods show that they are veiy helpful bu 
means reliable, because when negative results are obtained there is no ce a 
that the suspected animal is completely fiee from infection Erom the lesv 
splenectomy experiments we are led to believe that removal of the sp 
be a more certain method of demonstrating the presence of latent 
in experimental animals By removing the spleen in 22 apparently 
monkeys with a previous histoiy of malaria we obtained an acute and 
of infection in 14 of the ammals and in the other 8 a marked susceptibi i ) 
inoculation was demonstrated Had there been a residual infection m ^ 1 ^^ 
group, it would have flared up after splenectomy ,'^the presumption is 
latter there was none Therefore, so fai as monlceys are concerned, Qh 

appeared to us to be a fairly accurate method for detecting latent n cc 
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the hnsis of this nssumptio i and viith tlic object of finding out iihat percentage of 
monkees, tliat had definite^ been pro\cd to have developed an acquired immunity 
to malaria were liaviim a latent infection, we splenectomized 7 proved resistant 
raonke>s and compared the relapse rate iii these with those of other monkeys that 
had not been pro\ cd to possess ant degree of acquired resistance In Table II the 
results obtai led are show n — 


Table II 


Bchpsc rate after ‘splenectomy rn monleys that had previously recovered 

fiom malaria 



M rhe^u^ 

1 

J/ trus 

M radwltts 

Species of monker — 

Relapsed 

1 

Not 

relapsed 

1 

Relapsed 

Not 

relapsed 

i 

Relapsed 

Not 

relapsed 

Group I Proved to be resis 
taut to re inocu 
latiou 

3 ^ 


0 

1 

0 

1 

Group IT Not proved to be 
resistant Had 
recovered from 
■an attack of 
malaria 6 to 18 
months p r e 

viousli 

6 

0 

i 


3 

0 

1 

Totals 

0 

2 

5 

4 

0 

2 


Total number 22 Number relapsed 14 Number not relapsed 8 


Every one of the 8 monkeys that did not relapse received a small dose of 
infective material and developed a severe mfection In the first group 4 out of 
the 7 monkeys that had been proved to have acquired resistance were found to have 
no latent mfection It is possible that in these the infection may have been lost 
during the interval between the date of re-mocnlation and the date of splenectomy 
It IS therefore difficult to say whether at the time of re-inoculation there was any 
latent infection or not On account of this and also because of the smallness of the 
number of ammals experimented upon in each group no defimte conclusions are 
justifiable , yet the following tentative conclusions may be drawn from the results 
obtained — 

(1) There is some evidence that a certain number of monkeys get nd of their 

malarial infection completely 

(2) In the susceptible species the number that does so is small while in the 

resistant species it is relatively large 

(.3) Acquired resistance to re-infection is in a large number of cases dependent 
upon the presence of a latent infection 


J MR 


12 
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(4) There is some evidence that in a small percentage of rlimis and in a larger 

peiceiitage of xtus and ladxatus acquired immumty may be present 
even in the absence of a latent infection , there is, however, no 
evidence to show as to how^ long after complete recovery from idee 
tion acquired immunity generallj’- lasts 

(5) Bemoval of the spleen results in a marked lowering of acquired resistance, 

in those in w^hich immunity is due to a latent infection, severe relapse 
occurs and in the others in which immumty is present without an^ 
latent infection, a niailred increase in susceptibility to re-infection 
results 

Corroborative evidence of an indirect natuie in suppoit of the above conclu 
sions may be obtained from a study of Table ITI wherein the number of days, 
during which latent infections persisted without any demonstrable sign in some 
of the splenectomized monkeys, is shown — 


Table III 


Showing the numbei of days duting which the infection lemained hienl 


Number of monkev — 

1 

2 

3 

4 

5 

6 

7 

8 1 

1 

9 

J/ rhesus 

121 

127 

24'3 

290 

299 

456 

466 

467 

470 

M iriis 

40 

i 

206 

i 

208 

244 

245 




I 

1 

1 

I 


From the above table it will be clear that in the naturally susceptible ihcsus 
the period of latency was much longer than in the mis monkey Eesistance to 
re-inoculation m both species of moneys can be demonstrated even after perio s 
of longer duration So much so there is reason to presume that a few of the animn s 
showing immunity might have had no latent infections 


The belation op immunity to latency and belapse 

That the immumty of an animal may be an important factor in 
the onset of latency or relapse in malaria has long been recogmzed These 
conditions being the converse of one another, any factor such as an i^rease^^^^ 
immumty which favours the one will certainly hinder the other . A 

studies (Krishnan, Lai and Napiei, 1933) indicated that latency generally to 
marked large mononuclear response which is a demonstrable sign of jg 

efficiency of the cellular mechanism of defence and our splenectomy py-c 

showed that relapse is the outcome of a depression in host immunity anc a 
of the phagocytic mechamsm The observations recoided m this article s re 
importance of the spleen and the reticiilo-endotliebal system in pose, 

latency and lelapse and in addition lend indirect support to the view of j,g 



parasites get killed and fewer gain entry into red cells after each schi20g ) ; 
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A. comparison of tlic numbci of da^ s elapsing bctu een splenectomy and onset of 
relapse in the animals harbouring a latent infection shm\s that it varied but slightly 
111 the difiereiit species and \\ as about 6 daj s , also the time taken to reach a height 
of infection of 1 million parasites per c mm of blood commencing from the first 
dav of infection uas also fairly constant in all the ammals and uas about 3 to 4 
days These are approximately the periods that would elapse in a very susceptible 
monkey after the inoculation of a small dose of infective material Therefore the 
suggestion is that as a result of splenectomy there must have occurred a sudden 
failure of the immumt) mechanism and a larger number of parasites must have 
survned after each schizogom cycle than prenously, and brought on an intense 
relapse During latency therefore one may presume that there is a sort of balance 
reached between host immuniti on the one hand and the number of parasites on the 
other with the result that a more or less constant minimum of parasites survive 
after each schizogony cycle AVheneier one or the other of these two factors gam 
the upper hand, either recovery or relapse takes place Thus, relapse is not a 
renewed activity of quiescent parasites but rather an expression of partial or com- 
plete failure of host immiimtv and of unchecked grow th of the parasite population 


CllAiNC LS I> THE SPI EEX 01 IMMUNE AKIMALS AND THEIR PIGM- 

FICANCE 

The splenectomy experiments provided us with a number of enlarged malarial 
aud normal spleens and we made an attempt to study the relation of the size of 
spleen and the cytological changes present m it to immunity in malaria In all 32 
spleens from 10 normal and 22 malarial monlceys were studied and the results 
obtamed are givenbelow — 

Spleen size — The malarial spleens nere distinctly larger than the normal 
spleens and varied in size from 1 to 6 times the normal, the average being 3 6 times 
normal 

In 14 out of the 22 malarial spleens a latent infection was detected and in the 
other 8 there v as no infection The sizes of the spleens in the former group were 
distinctly larger than the sizes of the spleens in the latter group 

Seven spleens belonged to monkey s that were proved to be completely refrac- 
tory to re-inoculation , 5 of these n ere from rhesus monkevs and one each from 
irus and radiatus monke\s The two latter nere of normal size but the 6 former 
were aU enlarged 

When the size of malarial spleens of the difierent species of monkeys n as com- 
pared it n as found that the spleens from rhesus monkey s shon ed the greatest degree 
of enlargement, the spleens from tius a moderate degree of enlargement and those 
from radiafus only a slight enlargement From these observations one may suggest 
that from the point of new of malanal immunity — ^ 

(a) it IS better to have a spleen even though it be enlarged , to get it removed 
IS imwise, 

{b) to have had malaria is better than to have had none, 

(c) although acquired immumty is generally associated with enlargement 
of the spleen a spleen of normal size in the resistant species may be 
associated with a high degree of acquired immunity 
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Gytological studies — From supravital examination of puncture material 
obtained from normal and malarial spleens the impression gamed was that there 
was a distinct increase in tbe large mononuclear elements in the latter A fair 
number of dividing monocytes were constantly met with in the m<.larial spleens 
The number of dividing monocytes was greater in spleens that harboured a latent 
infection than in those that did not Taking these findings in conjunction with 
the results of our previous cytological studies (Krishnan, Lai and Napier, 1033) 
we may state that there is some evidence — 

(а) that malarial immumty is closely associated with alterations in large 

mononuclear response, 

(б) that immumty is dependent not only upon the total amount of reticule 

endothebal tissue present but also upon its functional efficiency and 
its sensitiveness to respond to the stimulus of infection, 

(c) that in the majority of resistant animals the sensitiveness of the reticule 

endothelial system is kept up by the presence of a well-controlled 
low-grade infection, 

(d) that a demonstrable sign of acquired immumty is the presence of a fair 

number of dividing monocytes 

Pigment — In malarial spleens harbourmg a latent infection the pigment was 
fresher and larger m amount and less dark than in those that were free from 
infection 


An economical method of maintaining the strain of monkey 

PLASMODIUM IN THE LABOEATOEY 

Workers have found the maintenance of plasmodium strains in moneys a 
difficult and costly afiair, for, either they cause acute and rapidly fatal infec ion 
in the susceptible species like the rhesus or a mild low grade infection w iic 
rapidly overcome in the more resistant species like the iius and ladialus 
first species of monkey is used rapid transfer fiom one animal to another has 
performed and this would entail a tremendous cost , on the other hand i ^ 
proposed to maintain the strain in the resistant species then there is no 
to when the infection will be completely overcome and the strain lost 
results of our studies on splenectomy m monkeys recorded in this artic 
led to bebeve that an economical method of maintaimng the plasmoduim s 
the laboratory over long periods during which no experimental work is ^ 
plated or for transporting infected animals from one laboratory to ano ler 
as follows — 

A few healthy rhesus monkeys are chosen and inoculated with the of 

As soon as infection is established the annuals are treated with inimma 
quimne till parasites disappear from their peripheral ciicidation ' ^ relapses 
for about a month on the animals by repeated blood 
of infection and, when they occur, treatment is given, only to nd ^ 
blood of parasites After this the animals can generally be A % be 

wathout any special attention being paid to them Periodically their 
examined if desired, but this we have not found necessary \Ve 
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for periods of s > esr and more in tins vmy ^^^lenever there is a demand for mfec- 
ti\e material splenectoni} is done on one of the animals and witlim a week an 
intense infection results mIiicIi aMll furnish sufficient material for any purpose 


SuAIMAKY AND CONCLUSIONS 

(1) There is evidence that a certain degree of natural and acquired iinmumty 
to malaria does exist in monkeys 

(2) This immunity is markedly lowered by the removal of the spleen 

(3) Although acquired immunit}' in the majority of instances is due to a latent 
infection, there is some indication that m a small percentage it may be present in 
the absence of any such infection This particularly applies to the irws and radiatus 
monkej s 

(4) In the susceptible species increase of immunity is generally associated 
w ith enlargement of spleen, but in the resistant species immumty may be present 
even when the spleen is of normal si7e 

(5) The presence of diMding monocj'tes appears to be an indication of the 
sensitiveness of the reticulo-endothelial cells and of the presence of a latent infection 
and immumty in malaria 
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A General etiological eaotors 

1 Age — Goitre is rare below tbe age of three years Beti\ eeii 3 and 5 years 
the rate in the two super- endemic areas visited is less than 5 per cent, though this 
percentage rises higher m severely affected areas Children between 6 and 14 years 
were examined in many schools and the mcidence was 10 to 20 per cent, but the 
rate may reach 80 per cent m areas of greatest endemicity Between 15 and 30 
years the rate rose to 60 per cent and fell again above 30 years In the most severely 
affected areas of Padraiina the rate was about 90 per cent above the age of 
5 years 


‘ * During 1932 Dr S P Gupta, is d (Lucknow), toured tbe two super endemic goitre areas of 
Gouda and Gorakhpur and submitted notes which are set out under sub heads similar to those in 
Parts I, II and III of this work which appeared in the Indian Journal of Medical Besearch for Apnl 
1931 and Toly 1932 The notes are supplementarv to that information whid, they extend [H & ] 

( 649 ) 
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2 Education and wealth — ^Very few educated and well-to-do persons acqune 
goitre even in the worst endemic areas Educated persons are generally m Govern 
ment service and are mostly immigrants from non-goitrous areas They keep then 
private wells in good condition, regularly cleaning and occasionally permanganating 
them Officials, especially Europeans, drink boiled water Almost all the well 
to-do, including the zemindars, have married in non-goitrous areas or to non 
goitrous families Once the disease starts treatment alone without anti-goitre 
precautions is insufficient to check its development Many famihes do not regard 
the slight neck swelling due to early th 3 rroid enlargement as ‘ goitre and only 
recognize it as such v hen the goitre is of large size, which is usually first in the 
females Nor do such families persist in treatment, for they do not attach much 
importance to the goitre 

3 Sex — Goitre is definitely more prevalent in females and in some such 
proportion as 3 females to 1 male In any family if one male had goitre probably 
not a single female of that family was goitre-free, except perhaps the very old ones 
In certain villages females without goitre are rare 

4: Family — Goitre is certainly a family disease This was most obvious 
in the less afiected areas v here goitre is often confined to certain families only in the 
village Inheritance is an important factor not only in the production of deaf- 
mutes and cretins but also in increasing the tendency to the production of goitre 
But children of goitrous parents born m or immediately removed to non-goitrous 
areas do not often develop goitie Race and commumty are not connected with the 
incidence of goitre 

5 Goitie in animals — Dogs affected with goitre are commonly found ip Hi® 
endemic areas A newly born kid was observed with goitre A buffalo and a 
cow were brought with supposed goitre but the tumour was not goitious but probably 
lipomatous Cats and birds are said to be affected Jackals with goitre were not 
reported 

6 Season — New goitres arise and old goitres enlarge in the winter season 
The increased attendance of goitie out-patients in w'mter is not due so much to an 
increase m the goitre rate as to the fact that blisters caused by the red iodide of 
mercury ointment universally'’ prescribed are far less painful m winter months than 
in s umm er In the rams the flooded areas also greatly dimmish the out-patien 
attendances 


7 Associated diseases — Malaiia is quite common on account of the floods 
Round-ivoim infection is so common that every child with gastro-intestmal trout es 
IS treated for this condition About 10 per cent of the school children had passe 
round-worms Hyd> ocele is common m some localized areas and is now said to 
definitely increasing Several cases of hydrocele with goitre were repor e 
Hydrocele does occur both m goitrous families and villages A few cases o g 
elephantiasis were seen Choleia is endemic in both areas for more than 6 

m the year Plague is common but it has never affected the area withm ten mi 
radius of Padrauna proper 

Tt jg 

8 Inoease and decrease of endemicity in the two super-endennc areas — 
locally believed that goitre is decreasing in the Padrauna Tehsil (Gorakl^url 
IS increasing m Tarabgan] Tehsil (Gonda) Some 100 years back 
endemic area, including the town of Padrauna, was even moie severely a ® 



MAP OF A PORTION OF 
PAD R A UNA TEHSIL, 
GORAKHPUR, SHOWING 
THE DISTRIBUTION O F 
GOITRE TO BHAT AND 
BANGAR SOIL IN THIS AREA 


9 milea 
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with goitie than it is at present as judged by (1) numerous goitres of large'^size, 
(2) many deaf-mutes and cretms, and (3) goitres in cats, dogs, birds and "otlier 
animals The severity of the goitrous influences has certainly decreased in the 
sense that laige goitres, deaf-mutes, cretins and goitrous animals aie far more rarely 
seen , but, including such small goitres as are indicated by an appreciable ned 
swelling, the goitre rate in that part of the tehsil north and south-east of the tesM 
of Padiauna still reaches 90 per cent The decrease is much more noticeable in 
Padrauna town The decrease is partly due to the influx of persons from non 
goitrous areas into the town foi trade purposes, who have not developed goitre 
because of the weakened goitious influences In both Padrauna and Tara^an] 
the goitie late dimimshes southwards The woist area of the Tarabganj Tebsil 
IS along and between the livers Chandha and Tehii The strip of land along tie 
noith bank of the Sarju and Gogra rivers is not completely free and at places tie 
rate appioaches 10 pei cent The two maps attached show the distribution of 
goitre in the areas surveyed 

B Special etiological factors 

The inf oimation collected m this recent survey of these two areas and reproduced 
below should be lead as supplementary to that already set out imdei soil, water- 
supply, diet and salt (Stott et al , 1931) 

1 Diet and salt — In Gonda, the pooi labouiei geneially consumes Gauji 
(sweet potato) and Junhri (maize) in winter and Jowai and Bajra (small grains) 
in summer Many people beheve that goitre is due to ‘ Ganji ’, but there is no 
Ganji produced in the western part of Gonda or in Padiauna vhere rice and maize 
form the main diet Diet does not appear to play a pait in the production of 
goitre, for many pool people are not affected though they are taking tbe same 
diet as persons with goitre whde some of the well-to-do who live on good qualit) 
food aie affected About 15 yeais ago some American missionaries and tbeir 
children developed goitre at Padrauna 

Salt — In both areas Sambhar (sea-salt), not rock salt, was used 

2 Soil — In the Padrauna Tehsil the soil is of two types (z) Bangai wbicli 
covers about 25 per cent of tl^e tehsil and is duty yellowish in colour from its clay 
content, hard to plough, ai^ requires much migation but yields a produce of a 
superior quahty 

{ii) BJiat IS of two type& — 

(а) Pu)c Bhni soil is duty white in colour, soft, friable and amorphous in consis 
teucy and has great capacity in retaimng moisture Irrigation is therefore no 
lequued The produce is of medium quality 

(б) Sandy Bhat (Dhusa) is of sandy* colour The produce is of the Ion est cjua it} > 
being, as people say just sufficient to pay'- off the dues 

Broadly speakmg, tbe distribution of goitre in Padrauna Tehsil coiiespon s 
with the distribution of Bhat and Bangar soils Super-endemic areas are 
to Bhat soil only There are, however, villages on Bhat soil with ^ 8® . 
rate under 5 per cent Such villages are Sisiva, Narkatia, Chaupana, J:f‘ ’ 
Rampiu, Mathianwan, Karhaya, Ghur Chapra, and Kissmha Padrauna 
IS situated half on Bhat soil and half on Bangar That portion on Bha soi 
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maay goitre cases, ivliile the other lialf of Bangar soil is practically free The 
Mell in the affected portion nhich has existed for many years is stated to have 
become goitrous only Nvithin recent ^ears In the village Domar Bhar situated 
on Bhat soil goitre is limited to one section only though both sections are only 
two furlongs apart On the other hand, some i illages on Bangar soil have a 
goitre rate of about 30 to 35 per cent, eg , Titaria, Kurna and Dileepnagar 
The subsoil water is high Many veils in Bangar soil and a few in Bhat are 
reported to possess the propert} of curing goitre Though Gouda alluvium also 
contains much calcium, there is not the same sharp distinction between two types 
of soil in Gonda — as in this Padrauna area 


3 \\ ater-suppl\ 


There is a considerable volume of evidence that the cause of goitre is water- 
borne The villagers m the mam believe that goitie is water-borne and not diet- 
borne Hence the relation of drinking water to goitre cases, families and localities 
merits detailed attention 


(1) Shallow uells easily jiolluted —In both the super-endemic areas of Tarabgan] 
and of Padrauna, the water-supply is from wells, even m villages on the banks of 
Sarju These veils are shallow, uncoacred, unpiotected by a parapet vaU, close 
to dweUmg houses and to dirtj ponds and are unsupervised The water is often 
at the same level as the siurouuchug ponds Household utensils are fieely dipped 
in the well, and during ram and flood period surface washmgs readily pass mto the 
water The chance of contamination is therefore very great 

(2) Goitre wells — Manj veils aie recognized as ‘goitre’ wells A well of 
Bansi village in Padrauna v hich was dug 20 years back but v as subsequentlv closed 
as it was found to produce large goitres Some v ells are said to have become 
goitrous only recentlj , e g , one in Changeri village, Gonda district, only durmg the 
last 7 years Goitre weUs, like uon-goitre wells, frequently contam ‘ hard ’ water 
Milkmess in either kind is raie Some goitre wells are ‘ oily ’ In some villages 
when building new v ells, no goitrous person is allowed to approach as it is believed 
that should such a man approach the well will become goitrous There were 
famihes amongst whom there had been no goitre until some goitrous mdividual 
(e g , a bride) joined the famih , nftei vliicli goitTP appeared amongst several 
members of the famdy 


(3) Contamination of water by lematns of bygone jungles in alluvial deposits — 
The priest at the Buddhist shrine of Matha-kunwar and the Kaja Bahadur of 
Padrauna state that hundreds of years back most of the area of the Padrauna 
Tehsd was the bed of Great Gandak iiver Later, the bed of this river was filled 
in by soil brought down by the Gandak river and its tributaries, and later still 
^is soil became covered by jungle In a sunilar manner, the endemic area in 
Tarabganj Tehsil is located on vhat was once the bed of river Sarju There also 
the jungle period foUowed Every year a layer of dead leaves and plants was 
covered with a layer of fresh alluvium, carried down by the rivers during the 
f 4 -u c’ vegetation remnants and roots and mud and perhaps calcium 
formed the first soil on vliich man began to establish hunself after cuttmg awav 
the jungle As the trees vere felled the buried orgamc matter which was formerlv 
utilized by those trees began to rot 
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(4) Organic and bacteiial contamination of watei -supply — In Padiauna, but 
not in Tarabgan], many of the shallow wells are of a dirty greenish colour, and on 
standing an oily fi1m-like kerosene forms on the surface of the water, which has also 
the following characteristics — 

(1) the thick oily surface film, mentioned, 

(2) a had smell from decomposition, 

(3) rotting orgamc substance, e g , a coal-lilce material was recovered from a 

well at Dileepnagai m Bangar soil, 

(4) an astringent taste from organic acids, 

(5) ‘ browning ’ of brass lotas by organic acids, 

(6) ‘ baldness ’ due to solution of lime from the soil by the carbon dioxide 

set free from decomposing orgamc material, 

(7) even a muddy appearance from suspended organic matter which would 

deposit on standing 

Such evidence of gross pollution is supported by the large amount of permanga- 
nate of potassium required to ‘ pink ’ it, the yearly cholera epidemics and the high 
local worm infection rate 

The high subsoil v.mter-level, the dropping of rotting leaves, vegetation and 
surface washings into the water provide an excellent culture medium for germ 
growth, which gam easy access from human and animal excreta and other sources 
But vast numbers of Indian villages awmy from the Himalayas also drink water 
from such polluted wells without developing goitre The wells of villages remote 
from the Himalayas do not contain that special soil of decade-old organic material 
derived from the rotting of bygone jungles at the foot of the huge mountain ranges 
like the Himalayas and containing the deposits brought down from limestone rocks 
by such rivers and referred to under the previous heading The oily film was mucii 
more marked in the severely afiected Padrauna area, and was not observed in 
Tarabgan] 
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1 Clinical observations 
A The neck swelling and its local changes 

1 The goitre incubation -period — IVhen a person is continuous!}^ exposed to 
the goitre-producing influences of an endemic area a swelling of the thyroid gland 
frequently develops The time required before the goitre becomes apparent (i e , 
the goitre incubation period) depends on the five factors mentioned belov The 
rate of increase in size of the goitre vanes with the same factors — 

(i) Age — Children of about 3 require several years’ exposure Children of 
about 10 years, whether male or female, require 6 to 12 months’ exposure Adoles- 
cents are most readily afiected and that after exposure for only some 3 to 6 months 
After adolescence as age increases, the period of exposure required increases 
Above 45 years goitre will probably not dei elop at all Persons therefore are 
most susceptible about puberty 

(ii) Heredity —A goitrous heredity decreases the incubation period 

( 655 ) 
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(m) Sev — The mcxibation period is shorter in females than in males 
(tv) Season —Persons who settle in the goitions areaiust before the rams may 
often develop goitre during the following cold weather, whilst persons who settle 
in the cold season may not show any signs until the next cold season 

(v) The mtensity of the endemic goitious influences — ^Naturally the greater these 
influences are, the shorter will the incubation period tend to be 

2 The eai ly signs and nako al hsioi y of the enlai gement — In some 98 per cent 
of cases, the goitre first appears as a diffuse fullness of the space above the jugular 
notch and a lessening of the prominence of the insertions of the steinomastoid 
muscles bounding it In a few cases the enlargement starts as a nodule m the 
isthmus or in the right thyroid lobe The left lobe appears rarely first affected 
Undei continued goitrous influences the swelhng increases as a diffuse or nodular 
enlargement which finally becomes stationary or again starts to enlarge after an 
interval of several years A common stationary size is that of a cricket ball, but 
in the Gronda district there are many cases where the goitre had reached the size 
of a football In old age the size is apt to lessen from fibrotic changes Even the 
diffuse type assumes a nodular appearance in old age 

3 Piessuie sym 2 doms — Pressure symiptoms are frequent, and do not depend 
on the external size of the goitre Many persons with large external goitreseuffered 
no difficulties, whilst those -with goitres rvhich appeared small showed pressure 
symptoms Dyspnoea and dysphagia rvere the only complaints made One 
goitrous subject required tw'o hours for his meal In others, a constant respirator) 
wheeze was present Ido case of pressure on the reciurent laryngeal nerve with 
hoarse speech was observed A few cases showed drstended prominent veins over 
the surface of the goitre with congestion of the face and eyes from venous obstnic- 
tion 


4 Suffwation and malignancy — Tiro cases were seen with chronic neck 
sinuses connected with a slightly enlarged goitre These cases stated that formerly 
they had large goitres which had suppurated but the sinuses were not healing 
No cases of malignant goitre were seen in this survey 

5 Treatment of goike — The only treatment available in villages is the red 
iodide of mercury ointment which blisters the skin and acts as a counter irritant 
Indigenous practitioners (Yayds) also apply certain herbs which raise 
Tincture of iodine is sold as a local application for the cure of goitre notli 
applications appear to cure earl)^ goitres and reduce the size of big ones Iodine is 
also taken internally and is being tried in the Gonda schools as a prophylnc ic 
measure Complete cure is rare It appears probable that after tic 
iodine treatment is stopped the patient will again develop goitre unless the goitre 
producing influences are removed 

B The endoenne disiwhanee with physical and mental changes 

1 Suh-thyi oidism — A goitre itself may have little appreciable 
physical and mental development, especially when acquired by new-comers o 
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locallt^ No signs of hypei-ihyroidmn wcie seen amongst many thousands of 
persons obscl^ed in these super-endemic areas On the other haudman-^ cases of 
srti-ihirmdism wcic noted as the endemic villages weie traversed In had areas 
the mentalit-s vas low School teachers complain that an a\erage student knew 
much less and recpured moic teaching than one in a non-goitrous area Evidence 
of mvxoedcma was noted in different cases as under (1) a thick drj^ scalv skin, 
(2) thich, pulfi , pale faces with narrow palpebral fissures showing half-closed eyes 
and with thick lips and a thich tongue, (3) hair deficienc;s of the face armpits and 
pubis, (4) lowered bod-\ metabolism, sluggish movements and slow' circulation 
Such signs of sub-thj roidism were mostly observed in congenital cases, though 
some older persons had acquired this condition during a life-time passed in the 
worst endemic areas, and (5) slow cerebration slow' speech and hearmg — all 
greath intensified In cold But advanced cases showing the complete sjndromc 
were larely seen 

2 Cl elms — The following observations on 35 cretins were recorded — 

(a) Parents — Cretins are born to goitrous parents who did not themselves 
necessarily show signs of mixmdema Cretins were not born unless the famil) 
liad resided for at least 3 or 4 generations in the endemic area 

(b) Gotti e late in these 35 cretins was about 60 per cent 

(c) Age dtstribiilion — 10 to 20 years, 12 (34 per cent) , 20 to 30 years, 12 (34 
per cent) , 30 to 40 i cai« 7 (20 per cent) , over 40 } ears, 4 (12 per cent) , total 35 

{d) Sex of the 35 seen, only 7 were females 

(e) Height — All w'ere dw arfs ranging betw een 3 feet 5 mches and i few 
inches over 4 feet at adult age 

(/) Body condition — 56 per cent were fat, 24 per cent of medium build, and 20 
pei cent w ere thin 

(g) Fiamewoih and features — The large head, massive trunlc, and small extre- 
mities with coarse thickemng of the subcutaneous skin, eyelids, lips and tongue, 
with small sht-like palpebral fissures, depressed nose-bridge and scanty hair growth 
were tj-pical Tlie teeth were retained The sex organs w'ere usually normal 
except in the severe cases Very few were married Only two had children The 
severe cases were pale and aneemic 

(h) Mental capacity — Three nught be classed as true cietms and 32 as creti- 
noids or semi-cretins In some the mental capacity was only slightly subnormal 
and such could carry on shop or field work but w ere easily irritated One would 
not stand before the camera though his friends explained' how harmless it was 
Some presented definite signs of myxendema and m these the sluggish mental picture 
was especially marked One appeared quite disinterested in his surroundings but 
smiled when it was suggested that his photograph might be used to arrant^e for his 
marriage 

(i) Speech and hearmg —Speech was usually slow and defective, some could 
only speak after a long latent period Most had defective hearing About 50 
per cent^of the cretins seen w ere deaf-mutes 
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3 Deaf-mutes — The following oliservations on deaf-mutes are recorded 
In the areas of super-endemieity visited the deaf-mute rate worked out at 230 per 
100,000 of population or 2 3 per 1,000 Only congenital deaf-mutes were revie'wed 
Such are sometimes described as cases of endemic deafness or cretmic deafness 

{a) Parents — Deaf-mutes are frequently bom to goitrous parents in endemic 
areas In 80 per cent of deaf-mutes, both parents had goitre, in 16 per cent only 
the mother and in 5 per cent only the father liad a goitre 

(6) Goitre rate amongst these deaf-mutes was 90 per cent, which was mostly 
not acquired in childhood but developed as they grew older 

(c) Deaf-mute rate amongst the cieiins — 50 per cent of 35 observed cretins were 
deaf-mutes 

(d) Myxoedema rate — Many deaf-mutes showed some signs of myxeedema 

(e) Relation to goitie areas — Deaf-mutes are commonest in areas of highest 
endemicity The distribution of deaf-mutes varies directly with the distribution 
and with the intensity of goitre But the deaf-mute rate increases later and recede® 
early in the history of the rise and fall in the goitre endemicity of an area 

(/) Age distribution — 


Years 

Gonda 

Padrauna 

Average 

(percentage) 

0-10 

20 

22 

21 

10-20 

05 

46 I 

56 

20-30 

9 

21 

15 

40-50 

5 

10 

7 

Over 60 

1 

1 

1 

Totals 

100 

100 

100 


Taking the deaf-mute rate as a measure of the goitre intensity, it would appear 
that goitrous influences were more active some 20 years back than they are < 
present 

(g) Sex — About 70 per cent of the deaf-mutes seen were males 

(h) Characteristic gait and appeal ance — Deaf-mutes can 

at a distance by their characteristic gait Knock-knee is usually presen a 
feet usually turned in The heels are slightlv raised and point ou , 

knees, and sometimes the hips, are slightly flexed Progression is by i 9 
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paces, at almost an ‘amble \\itli the nrms held bomewbat stiffly vertically 
downwards Signs of sub-tlii'roidism are generally present The expression is 
idiotic, with thickened lips and tongue, diita teeth and a depressed nose-bridge 
The lower lip is often slightlv ei erted and saliva may dribble out 

(i) Height — Except those shov ing cretinism the height was the normal for the 

area 

(j) Men'aJ cupachi/ — E\ en cietinous deaf-mutes usually know how to satisfy 
their vants and understand gestures made to them Their work was mostly 
l imi ted to gii irding herds in the jiinale, but some of them are able to carry out field 
or eaen house work A small percentage are so lethargic as to be useless to the 
familv A traaeller m these areas will often call to a field labourer asking for 
directions as to his v av onlv to find that he is uselessly addressmg a deaf-mute 
The cause of congemtal endemic or cretinous deaf-mutism has been shown 
microscopically to Tie due to myxomatous thickenmg of the submucous tissues of 
the middle ear Profesbor Eager of Zurich bebeaes that the condition arises 
about the sixth month of foetal life Tumng-fork tests show that many cretinous 
deaf-mutes are reallv onlv ‘ hard of hearmg ’ but that this degree of deafness, 
super-added to a feeble mental development, results m deaf-mutism 

SiTSIJUBT 

Clinical observations of the neck sweUing and of its incubation are recorded 
Pressure symptoms were often observed Sub-thyroidism was common Thirty- 
five cretins were analysed Many were photographed A deaf-mute gait is des- 
cribed and observations on deaf-mutes are recorded 


J, MR 


13 




Itxi Jo^iT ^Itd Res i J^/j 4, ApTilf 1934 


IDENTIFICATION OF LAEV/E OF THE GENUS 
PHLEBOTOMUS 

BY 

E 0 A SMITH, D T M , I M D , 

K V KEISHNAN, mb, mrcpe,i)b (Lond ), d sc , 

AKD 

S MUKEEJI, D sc 

{I'Tom the Kala-azar Inquiry, Indian Research Fund Association, All-India 
Instdvte of Hygiene and Public Health, Calcutta ) 

[Received for publication, November 3, 1933 ] 

The fnutful researches that have been conducted within the last two decades 
or more have already established the importance of sandflies {Phlebotonius) as 
carriers of disease Jlembers of this genus are suspected of transmitting various 
diseases, and though it has not been possible to obtain defimte proof in all instances, 
in two at least this has been achieved The work of the Indian Kala-azar Commis- 
sion and the ancillary Kala-azar Inquiry on the one hand, {mde Shortt, Smith, 
Swaminath and Krishnan, 1931 , Napier, Smith and Krishnan, 1933) and the 
researches of Doerr, Franz and Taussig on the other, have clearly established the 
fact that P argentipes is a vector of kala-azar and P papatasn of sandfly fever 
These two diseases have a wide distribution and are the cause of a large amount 
of morbidity and mortality in the regions where they occur, and in consequence the 
sandfly has come to occupy a place in the long list of arthropod carriers of disease 
which is of no less importance than that of the mosquito, muscid, tick or flea 
In order therefore to help in the institution of appropriate control measures 
against P argentipes and to facilitate the methods of prevention to be adopted 
against kala-azar, we have undertaken a study of the bionomics of these flies and 
have in this paper presented the differential characters of the larval forms of 
the three commo’^ species found in Bengal, viz , P argentipes, P papatasn and 
‘ P niinutus ’ * 

Larvae of Fhlebotomus papatasn have been described by Newstead (1911) 
and 'Whittingham and Book (1923) Hewlett (1915) studied the very early 


• Used as a general term m this paper to denote an nmdentified species of this group 
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stages of the three species under consideration — P mgentipes, P papatasii and 
‘ P minuius ’ and described a method of differentiating them In h^ paper he 
used the length and relative thickness of the caudal bristles of the larva as 
diagnostic points For our purpose and for the correct identification of these 
larvffi generally we have found that these points are not by themselves of 
sufficient piactical value The laivse, which are obtained from the breeding grounds 
investigated by us, aie more often than not full-grown ones , the method used m 
collecting these larvae, by repeated washing of the sample of earth and their passage 
through sieves of various sized mesh, very often results in the hairs of the larvie 
being broken or rubbed awa}”-, and foi this reason diffeientiatmg points, other than 
those described by Hewlett, are often required 

For the purpose of our present study we bred P mgenhpes, P papalasn and 
one species of the ‘ P mmuius ’ group in the laboratory and observed the 
characteristics in numerous larvae, before we finally decided on any point of 
differentiation AVe have found that there are differences not only in the character 
of the hairy spines with which tliese larvae are covered, but also in the arrangement 
of these spines on the head and body of the larva AVe have only used one species 
of ‘ P tmnutus ’ {sensu lalo) for the purpose of this paper, to show the difference 
between the P minulus group generally and P argenUpes and P papalasn The 
most important species m Bengal is P atgenlipes, the carrier of kala-azar , a correct 
identification of the larvae of this species is necessary if the breeding grounds of 
P argentipes have to be sought for and rendered unsuitable for its breeding 


Technique 


The larvae were first washed in water to get rid of any adheient particles of 
debris and then transferred to pure carbolic acid, and, as soon as the larvie ucrc 
seen to be quite cleared, they weie dropped into a solution consisting of one part 
of clove oil to five paits of acid carbolic 


The larvae were then mounted in this fluid in hollow ground slides and the 
coverslip sealed on with Apathy’s cement (equal parts of hard white paraffin and 
Canada balsam) The figures appended were all drawn with the aid of camera 
lucida 


Differential characters 

The larvae of Phlehotmnus which are composed of a head and twelve segments 
have two pairs of caudal bristles which are characteristic of the genus The hea 
and body of the larva are sparsel)'" clothed with hair}?’ spines The body segmen s 
may be divided into three parts — the anterior or thoracic part consisting of three 
segments, a middle or abdominal part and a posterior pait including the 
and penultimate segments — the distribution and character of hairy spines in ic- 
three regions being different in the different species The terminal segment carr 
the two pairs of caudal bristles which are distinctive of PMebotomus larvm 

In full-grown larvae there are certain differences noted m the area of chitimzJi 
tion of the dorsal surface of the idtimate segment (Mukerji, 1931) 

In ‘ P Tmnutus ’ about two-thirds of the segment are chitinized and antcrio 
liimt of chitinization has a concave border. 
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ill P argentrpcs the area of chitinization is not much larger hut the anterior 
limit|of the chitiuiz.ition Ins a com ex border 

In P 2 )apafasn practically the whole segment is chitmized and the chitiniza- 
tion borders on the lateral surf ice as well 

The hairy spines — The hairy spines with which Phlebotomiis larvie are clothed 
show certain differences in the difierent species 

The most distinctive are those of P gmpaiasii which have a transparent ovoid 
mass on the head of each spine Tins character is not seen on the spines of the 
other two species The hairs on the spines too seem shorter and closer to the mam 
stein than in P argcntipes and ‘ P vnmttns’ 

Between P argcntipes and ‘ P miiivtvs ’ the difference in the spnies is not so 
marked but, obsen ed w itli a low pow er, the spines on P argcntipes seem to be clothed 
with smaller li^irs from the base upwards while in ‘ P nnmitiis ’ the smaller hairs 
begin from above the base In one species of ‘ P mimiiiis found m the washing 
of a sample of earth and not vet identified this difference is much more marked — 
the mam stem of the spine being practically unclothed with hairs for a certam 
distance from the base, and the spine resembles a miniature feather duster 

The head spines — In Vhte XXXVII, figs 1,2 and 3, will be found draw mgs 
of the larval heads of P papaiasti, P argentipes and ‘ P nnnutns’ It wiU at 
once be seen that there are eight hairv spines on the vertex of the head of each larva 
To localize these hairy spines use is made of the Y -shaped suture on the larval head 
which is a prominent feature — the lower lunb of the Y reachmg the posterior border 
of the head The hairs ]ust within the two limbs of the Y are referred to as the 
posterior hairs, vide Plate XXXVII fig 1 (W), the two in front of these as the 
anterior hairs, vide Plate XXXVII, fig 1 (I), the other four hairs are referred to as 
postero-lateral (III) and antero-lateral (II) according to their position We are 
not usmg the bristles for purposes of identification m this paper 

It wall at once be apparent from a glance at the figures that the two anterior 
hairs of ‘ P nnnutvs ’ are different from the others on its head as well as from 
those of P argcntipes and P papatasii These hairs are very slightly branched, 
are slender and elongated 

In all three species the position of the anterior and antero-lateral and posterior 
hairs does not seem to vary much at all The differences noted are mainly due to 
the alteration m position of the postero-lateral hairs 

In ‘ P mimitus ’ the other six hairs are disposed of m a semi-circle on the vertex 
of the head vrith the convexity of the arc towards the base of the head vide 
Plate XXX'i^I, fig 3 

In P argcntipes the postero-lateral hairy spines are placed distinctly behind 
the posterior hauy spines, vide Plate XXXVII, fig 2 

In P papatasii the postero-lateral hairs are almost m a line with the uosterior 
hairs, vide Plate XXX^^I, fig 1 

Body of larva Dorsal surface —Examination of the dorsal surface shows that 
each segment has a transverse row of six hairy spines, three on either side of the 
middle line in P argcntipes and P papatasii, mde Plate XXXVII, figs 5 and i m 
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addition to tliese rows of spines tliere are short spines placed in between the lirs of 
transverse spines on the abdominal segments of tlie larva Seven such pa's are 
seen In ‘ P minutus \ vide Plate XXXVII, fig 6, these hairs are so Xmitc 
that they cannot be seen except with the higli magnifi''''+-''^^,.^ia6, in 
‘ P vmiuhis ’ there is a difference noted in the middle pairs <' ^_o-txansverse row 
of hairy spines— these hairy spines are veiy minute on tli Juiltimate segment 
and also on the two segments preceding it — these ha then show gradual 

enlargement till in the thoracic segments they arc ol'liearly the same size as the' 
other spines 

Lateral surface — The hairy spines on the lateral surfaces vary in the three 
species 


In P argeniipes there is but one hairy spine on each abdominal segment, mie 
Plate XXXVIII, fig 1 In the thoracic segments there aie three hairy seines, 
vide Plate XXXVIII, fig 5, two being large and one minute The larger spines 
are referred to as the dorso-lateral and ventro-lateral according to then position 
The minute hairy spme is situated at the base of each dorso-lateral hair on the 2nd 
and 3rd thoracic segments 


On the 1st thoracic segment the hairs are differently arranged— a minute hair 
IS placed ventral to the dorso-lateral hair, and there is a small hairy spine placed 
between the spjracle and the dorso-lateral hair 


In ‘ P minutus ’, vide Plate XXXVIII, fig 3, there are two lateral hairy spines 
on each abdominal segment In the thoracic segments, vide Plate XXXVIII, fig 4, 
there are three — two large and one smaller hauy spine, the smaller spine being at 
the base of the dorso-lateral spme and being much larger than the corresponding 
spine on P argentipes On the 1 st segment in ‘ P minutus ’ this hairy spme is not 
at the base of the dorso-lateial liair but ventral to the spme m question, m much the 
same position and of th e same size as in P ai gentipes There is a small spine between 
the spiracle and the 1st dorso-lateral hair 


In P papatasii, vide Plate XXXVIII, fig 2, there are three hairy spines on 
the lateral surface of each abdominal, as well as, each thoracic segment— two being 
large and one small The position of the smallest of the three hairs is different on 
the thoracic segments In the abdommal segments the smallest hair is seen ventro- 
laterally — in the thoracic segments these small hairs are seen between 
hams, closer to the dorso-lateral ones, and anterior to them, vide Plate XXXVii , 

fig fi , 

Ventrally — On the thoracic segments there are rows of hairy spines on e 
ventral surface These spmes are smaller than those on the dorsal surface an n 
all three species under consideration the spines situated between the centra pa 
and the lateral one are much smaller than the others, and are also placed closer 
the lateral spines 

The abdominal segments ventrally bear the pseudopods, seven in 
which have a pair of bristles, one on each side of the apex of that organ Q 

penultimate segment which has no pseudopod there is a row of hairy spines 

d two Simple spincb 
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Fig 1 Dorsal view of head of larva of P 'pd^aia^xx 
„ 2 „ „ „ „ „ „ „ P argtntipes 

„ 3 „ „ „ „ „ „ ,,‘P mxnulvs' 

Sho^vlng trans 

„ 4 , , „ terminal and abdominal segraents of larva of P papatam 

„ 5 , , , . . P argenhpes 

” ’ segmental 

. spmes 

Explanation of Roman numbers, to Pigs 1, 2 and 3 above 

No I Antenor hairv spines 
, n Antero lateral hairy spuiec 
, ni Postero lateral hain spines 
, IV Posterior hairy spmes 



Plate XXXVIII. 
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sliglitly anterior to tlic others — in bctiv ecn the central pair and the lateral spines 
Vide Plate XXXVIII, figs 7, 8 and 9 

SUMAIAR'i. AJsD COACLUSION 

1 A method of differentiating the three species of Phlebotonms larvae — 

P P argentipes and ‘ P nmndus ’ — met with in Bengal, is given 

2 The differential characteristics are summarized in a tabnlai form in the 
Appendix 

3 The position and character of tlie hairj spines m the different species of 
larvae ate shown in Plates XXXVII and XXXVIII 
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Table of diffei ential Glia') actei 'i of the thee species o/ Phlebotomus lai 
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Part VI 

TROPICAL JLA.CROCYTIC ANEMIA AS A DEFICIENCY DISEASE, 
■^YITH SPECIAL REFERENCE TO THE ^RTAMN 
B COMPLEX * 


BY 

LUCY WILLS, M A (Cautab ), m b , b s (Loud ), mrcs, lrcp, 
IndiOJi Research Fund Assoaatton 

{From the Eaffline Institute, Bombay, and The Pathological Unit, 
Royal Free Hospital, London ) 


[Received for publication, November 13, 1933 ] 


PER^^CIOTJS AK^JiiA bas been defined as a disease due to the lack of the 
specific hormone, normally stored m the liver, necessary for the maturation of the 
megaloblasts of the bone-marrow If this defimtion is accepted, tropical macrocytic 
ansemia will be included under this title, as well as Addison’s or idiopathic permcious 
anaenua, together with the macrocytic anfemias of sprue, idiopathic steatorrhoea 
and other similar conditions Such a classification seems undesirable as it ignores 
symptoms other than the anaemia associated with these drfierent conditions and 
obscures the variable aetiological factors so clearly defined by Castle and his colleagues 
(1929, 1930 and 1931) These workers formulated the conception of two factors, 
an intrinsic and an extrmsic, as necessary for the formation of the hemopoietic 
principle present in hver, which permits of the orderly maturation of the megaloblast 
of the bone-marrow By a series of brilhant experiments they have demonstrated 
that the mtrinsic factor is present in normal human gastric jmee and that the 
extrinsic factor is present in the protein of beef muscle and in the yeast extract 
‘ marmite ’ or ‘ vegex ’ as it is called in America (Strauss and Castle, 1932) They 
further suggested that ntamm B 2 or some factor closely associated with it is the 
extrinsic factor (Strauss and Castle, 1932) In Addison’s aniemia it is the intrinsic 
factor that is missing and a cure can only be effected if the extrinsic factor (beef 
muscle, marmite) is administeied after incubation with the mtrmsic factor m normal 


* This work has been reported m brief in the Lancet, 1933, 1 , p 1283 
greater part of the work were paid bi the Indian Research Fund Association 
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gastric juice In tlie tropical disease, however, as far as can be judged by the 
presence of noimal amounts of liydrocbloric acid, the intrmsic factor is present in 
the gastric juice, but the extrinsic factor is missing from the diet It is impossible 
to be dogmatic about the presence of the intrmsic factor in the tropical cases on tie 
existmg evidence , its presence would be established if a case of undoubted 
Addison’s anmmia were cured when treated with beef muscle that had been 
incubated with gastric jmce from such a tropical case So far no case of undoubted 
Addison’s peimcious anaemia has been available in Bombay The tropical form 
should be cured by giving the extrinsic factor alone, if that is the missing factor, 
and the rapid cures obtained when it is given in adequate doses in the form of 
marmite show that this is so (Wills, 1931) The difference from Addison’s amemia 
then seems to be such a fundamental one that it is proposed to continue at present 
to regard the conditions as distinct Obviously both Addison’s ansemia and tropical 
macrocytic anaemia will respond to treatment with liver, administration of which, 
parenterally, is indicated in all very severe cases Liver contains the hsemopoietic 
principle, the end product of the interaction of the extrinsic and intrinsic factors, 
and when it is given parenteially, there can be no question of difficulty of digestion 
or of absorption 


The tropical condition differs from Addison’s permcious anaemia m many 
respects, a full account of which appeared in a previous paper (Wills and Mehta, 
1930) The most important differences are the earlier age incidence of tropical 
anaemia and its association with pregnancy, the presence of normal amounts of 
hydrochloric acid in the gastric contents, the absence of a raised indirect van den 
Bergh reaction and especially the absence of symptoms of nervous involvement 
These findmgs suggest a different aetiology, a supposition which is borne out by the 
result of treatment, and which will be discussed more fully below 

It has been assumed that the extrinsic factor is missmg m cases of tropical 
macrocytic anaemia, and it is interesting to review more fully the evidence m suppoit 
of this assumption If the disease is a simple food deficiency, the world distribution 
of the condition should show its prevalence in areas where diets are known to be 
defective, and where other deficiency diseases are common China, the West Coas 
of Africa, and India, the areas where it is endemic, fulfil this condition and, moreover, 
the disease occuis among those sections of the commumty whose diet is known to 
be defective In India the disease is seen in two classes of people, those whose 


diet is limited by social or religious custom, and those whose diet is lunited^ ) 
poverty — the vast majority of the poorer town dwelleis In a country large} 
vegetarian in habit, the nutritional value of a diet depends chiefly on the kmcl o 
cereal and amount of daiiy produce eaten In the north wheat is the 
and dairy produce is eaten in fair quantities, even in the towns, and here the 
IS far less common than m the south where rice is the staple cereal and milk a hix } 
in many cities A dietetic survey CWills and Talpade, 1930) in Bombay ^ 

disease'is common showed the diets of the hospital class of all Ujpjc 

inadequate in all respects except, in certain cases, in calories Fiom the ® | 

deficiencies detected in the survey, it was unpossible to indicate with any 
the nature of that one responsible for the condition of tropical macrocytic a ^ ^ 

but at the time it was thought that the relative deficiency of vitamins 
might be the cause A trial with these vitamins, how^ever, showed that } 
no°therapeutic value m the condition (Wills, 1931) 
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The hey to the prohlem \\as found in anina'il experiments A similar macro- 
cytic amemia Avas produced by dietetic means in monkeys (Wills and Bilimoria, 
1932) and -was cured by the administration of mannite When this preparation 
ivas also tried in human cases it proved equally active (WiUs, 1931 ) It was suggested 
that the curative agent might be either vitamin B 2 or some protein derivative 

The question whether this so-called ‘ pernicious amenna of pregnancy ’ mcluded 
here under the general term ‘ tropical macrocytic ansemia ’ is a climcal entity, 
distinct from the similar condition m men and non-pregnant women, must be 
considered Strauss and Castle (1932fl, 19326) are of the opinion that ansemias m 
pregnancy have the same aitiology as those of the general non-pregnant population 
In the author’s opinion the same is true of the Indian cases Severe anaemias of 
the microcytic, hypochromic t}q)e are as common in pregnancy as the macrocytic 
hyperchromic type, and both have the same setiologj and respond to the same 
therapeutic measures as the simdar anaemias in the rest of the population In the 
macrocytic cases the extra demands of pregnancy and lactation, as m other deficiency 
diseases, are precipitating canses The amazing improvement frequently seen 
after delivery "^is paralleled in the immediate alleviation of symptoms 'post par turn 
m many cases of osteomalacia, and is not therefore evidence that the ansemia arises 
directly out of the pregnant state In both conditions symptoms may not appear 
tiU the strain of lactation begins Gupta (1932), ivriting onpeinicious anaemia of 
pregnancy, states that a similar antemia is rare in men m Bengal It is possible 
that the difference m diet between the sexes, common m all parts of India, is more 
marked in Bengal, or it is possible that the cases are missed Certainly in Bombay 
the disease is rife among men Among 113 consecutive cases of anaemia 44 or 39 
per cent were males and, of the macrocjtic cases of a total of 61, 32 or 52 per cent 
were males These figures suggest that in spite of the predisposing effect of preg- 
nancy, the incidence is practically the same in the two sexes It seems probable, 
in fact, that a large proportion of the population of Bombay and other large cities in 
India lives on a diet relatively deficient m this anti-anaimia factor, and that it requires 
only a slight deterioration of the diet, such as occurs in hard tunes, or the 
added demands of pregnane} 01 some debilitating disease, to make the deficienc} 
mamfest 

The seasonal incidence of this ansemia remains to be explained McSwiney 
(1927) in Calcutta and Balfour (1927) in Bombay have noted that the disease is 
commoner in the late autumn and winter The diet of the poorer town dw eller is 
so httle affected by seasonal changes that it is hard to believe that mmor variations 
in diet can be the explanation but at present the question must remam open till 
further work has been done 

The curative action of marmite in this tropical macrocytic anEemia was reported 
in a previous paper, and has been confirmed (Green-Axmytage, 1932) and further 
extended to include other macrocytic anaemias including certam cases of Addison’s 
pernicious aneemia (Goodall, 1932, Bngley, 1933, DaMdson, 1932), idiopathic 
steatorrhoea (Vaughan and Hunter, 1932) and certain cases of sprue (Castle 
and Rhoads, 1932) Moreover, Strauss and Castle (1932) have shown that 
marmite contains the factor which they call extrinsic, and, when meubated 
with normal gastric ]uice, is curative in true relapse cases of idiopathic permcious 
cLuo&mis. 
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The condition of iJie blood and blood forming organs in pernicious anaeuna is 
now nniveisally lecognmed as a deficiency state, due to the lack of the haemopoietic 
factor normally stored in the liver There is, however, no evidence of a 
diiect dietetic deficiency The lack of the haemopoietic prmciple is due to the 
absence of the intrinsic factor not to a lack of the extrinsic dietetic factor 
All tlie evidence reported above points to the tropical disease being a food 
deficiency disease, the missing factor being Castle’s extrinsic factor and therefore 
something present in both beef muscle piotein and marmite The work reported 
below was an attemjit to deteimine fuithei the nature of this extrinsic factor, 
with special reference to the vitamin B complex 


Nature op the experiment 

The experiment planned was a clinical trial of the difteient fractions of the 
vitamin B complex with reference to their hsemopoietic action m cases of tropical 
macrocytic anaemia The work was earned out in Bombay The cases used were 
as far as possible uncomplicated, and included both men and women, certain of the 
latter being pregnant The diagnosis was made on a full blood exammation, 
including a Price-Jones curve The methods used for the blood examinations 
were the same as in the pievious work (Wills and Bilimoria, 1932) Only undoubted 
cases of macrocytic anaemia with high colour indices were used, this point is 
stressed as other workeis m India include under the title of ‘ pernicious ansenuaof 
pregnancy ’, besides the macrocytic cases, other severe anaemias with low colour 
indices, a confusion which leads to apparently contradictory results In addition 
to the full blood examination, an alcohol test meal was given to practically all the 
cases, and the presence of free hydrochloric acid in normal amounts was demon- 
strated with only one exception , the findings are in agreement with earlier work 
(Wills and Mehta, 1930) 

The patients were on the ordinary hospital diets, the severe ones on milk 
only Except when on milk or light diet, when they received more milk than 
usual, the patients w'ere receiving a diet very similar to their usual home 
one, rice and white bread forming the bulk of the food taken Experience 
in other years had demonstiated in a tragic manner that these diets have no 
curative action In an experience of more than 200 cases a natural remission 
except after delivery has never been seen, cf true Addison's pernicious 
anmmia, in which condition such remissions are quite frequent Because o 
the severity of the cases (in 117 consecutive cases 45 per cent had ^ 
count of under 1 million per c mm when first seen), and the absence 
remissions, and because tlie patients will not stay more than a very shor i 
in hospital, a control period was frequently impossible However, a prepai 
tion was only considered active if it had been tried on patients who had 
previously failed to respond to some other fraction, or else had been under o , 
tion and were know n not to be healing Conversely, a preparation wms '■ 
inactive only if the paiticular patients treated wuth it, without show'ing , 
ment, later lespona'rd to a preparation of knowm potency 
the magnitude of «ie leticulocyte lesponse and the subsequent rate 
regeneiation CasesUhat delivered during treatment wmre not used 
purposes 
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Ppef vr vtions tested 


It IS a pleasure to acknowledge the help given by JIi^s Harriette Chick, D sc , 
and her co-workers at the Lister Institute, London, both in the preparation and 
standardization of man)' of the extracts used All the preparations that contained 
vitamin Bo were standardized in terms of this vitamin, and given m doses that 
corresponded with the dose of marmitc originally used Later the doses of both 
marmite and the other extracts used were increased to ensure a maximal response 
in all cases 


Yeast ponder — The Amritsar Distillery Co %ery kindly gave a supply of 
dried yeast for clinical trial The dose u as 30 g or more daily, given with mdk 
and sugar in ,livided doses The patients took it quite readily and in those doses 
it did not produce diarrhcKa The yeast was tested on rats for its vitamin B 2 
potency by the method of Chick and Roscoe (1028) and found to he markedly less 
potent than an average sample of dried English brev, er’s yeast This suggests that 
it might also ha^ e a lowei content of other important biological factors 

Watery yeast extracts — These extracts were prepared at the Lister Institute 
from washed brewer’s yeast, according to the method of Roscoe (1930) The watery 
extract is filtered off from the insoluble residue so that the final extract contains 
very much less protein than the original yeast The dailv dose uas equivalent to 
15, 30, or more grammes of dried yeast, 1 e , the human dose was 75, 150, or more 
tunes the rat dose The extract was used as originally prepared, and also after 
autoclamng for five hoius at 120'’C and 20 lbs pressure 

Manmte — The same unflavoured marmite as used m the earlier work was 
placed at my disposal through the courtesy of the Jlarmite Food Extract Co The 
use of this excluded the vegetables, added to the commercial extract for flavouring, 
as a possible source of the h'umopoietic factor Dr Chick had shown by tests 
on rats that this extract was comparable in vitamin B potencv to dried yeast 
The minimum human dose used was 40 times the rat’s daily ration for the 
vitamin B complex This extract was originally used in doses of 15 g daily, 
but the dose was later mcreased to 30 g 

Insoluble and soluble fractions of manmte — A known weight of marmite 
was mixed uith an approximately equal u eight of water, brought to the boil and 
boiled for two minutes On filtering this mixture an insoluble residue was left 
This was given in daily doses equivalent to 35 g of the origmal marmite to allow 
for any possible loss on the filter paper The filtrate u as given in doses eqmvalent 
to 30 g of marmite 

Autoclaved marmite — A known weight of marmite was dissolved in water as 
described above, and then autoclaved for five hours at 120°C and 20 lbs pressure 
The original pH of this solution was 5 5 It u as assumed that all the vitemin B, 
was destroyed by this treatment 


Allaline autoclaved marmite —A watery solution was made as before, but was 
made alkaline to pH 9 before autoclaving In an attempt to destroy the vitamin 
Ba present, the mixture was heated for ten hours The stability of vitamin Bo 
has been found to i ary according to the medium m which it is present and it is 
possible that, although prolonged heating in an alkaline medium destroys this 
vitamin in watery yeast extracts (Chick and Coppmg, 1930), it may not be so 
destructive towards this vitamin in marmite (Guha, 1931) Roscoe (unpublished 
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^^Ol]c), liowevcr, lias found vitamin B 2 in maimite to be only slightly more stable 
than 111 a vatcry yeast extract It is therefore unlikely that more than traces 
remained in this piepaiation Heating for ten hours brought doiin a heavy sticky 
precipitate that was very difficult to administer with the fluid fraction Fortbis 
reason the preparation was given in daily doses equivalent to 45 g of the original 
maimitc to ensuie an adequate intake 

Alcoliohc exhact of marmite — weighed quantity of marmite was taken up 
with sufficient water to allow it to pour easily and then added to sufficient absolute 
alcohol to make the final concentiation 80 per cent This was done with varying 
quantities of water and alcohol as the natuie of the precipitate varied wath tbe 
total volume of fluid used Dr Blalaudkar of the Biochemical Department of the 
llaflkme Institute very landly analysed the filtrates and showed that aslongastbe 
final concentration was SO pei cent, tlie amount of protein in the filtrate remained 
constant (Table I) The filtrate was originally given in daily doses equivalent to 
30 g of marmite but later laiger doses were used 


Table I 

Ntiiogen and pioiein in soluble faction maimite and 80 per cent 

alcoholic filiates 


(Results calculated on lOg marmite) 



1 

1 

Total lutrogcn 
in grammes 

Non protem 
mtiogoTi m 
grammes 

Protein 
nitrogen in 
grammes 

Total pro*em 
m grammes 

Soluble fraction mnr 
mite 

0 502 i 

1 

0 477 

0115 

0 719 

First alcohobc filtrate 

0 307 

0 250 

0 057 

0 35G 

Second alcoholic fil 
trate 

0 204 

0 237 

0 057 

0 366 


f. Acid clay vitamins Bi and — Professor B C P Jansen of Amsterdam m y 
give a supply of this preparation It consists of vitamins Bi and B 4 (Reader, 
frpm rice polishmgs adsorbed on to acid clay The curative dose in ben e 
2 to 4 g daily , the largei dose was used in the present work 
T. Yitamin Bzfoni egg white — This extract was prepared at the Lister , 

aejl^ding to the method of Chick and co-workers (1930) Porty c c were equ 
to ]%.§ dried yeast in vitamin B 2 potency, and so more than 
origins close of marmite It was actually given in daily doses ot >> 

90 c c^^ 

Clinical tetals 
Its are shown in Table II 


The 
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Vitamins Bi and — Thougli all the evidence pointed to vitamin Bo rather 
than vitamin Bi, being the active hasmopoietic factor m marmite, it was desirable 
to test the acid clay and thus exclude \ itamins Bj and B4 if the material failed to 
cure The acid clay w as therefore gn en to two patients for a period of 10 days 
i^either case responded , one remaining stationary and the other going downhill, 
but both reacted latei to preparations of marmite (Chart 1) Further evidence 
that vitamin Bi is not the actn e factor is afforded by the fact that cases treated 
with autoclaved marmite, in which the vitamin Bi had been destroyed, responded 
im mediately v ith a maximal reticuloc} te crisis, followed by a t}'pical remission 
As vitamin B4 is present m the acid da's as veil as vitamin Bj, it also is excluded 
as the active factor in the cure of these anaemias 

Vitamin B ^- — In an earher paper the author had suggested vitamm B2 or 
some protein derivative as the curative factor in marmite, and Strauss and Castle 
(Zoc cit ) also held that this vitamm or some substance closely related to it might 
be the extrmsic factor In all the work reported up to date on this question, either 
beef protem or marmite {‘ vegex ’ in America) had been u«ed, and it seemed very 
desirable to try some other source of vitamm B2 The egg-white extract was there- 
fore admimstered to tvo cases, one male and one female, m doses eqiuvalent for 
vitamm B2 to 16 and 32 g of marmite respectively In neither case was there any 
response and the woman’s condition deteriorated though both responded well later 
to autoclaved marmite (Chart 2) Additional evidence that vitamm B2 is not the 
active hemopoietic factor is afforded by the fact that watery jeast extracts of 
known vitamm B2 potency were inactive and also yeast itself Further, marmite, 
m which all but traces of vitamm B2 had been destroyed by prolonged heating m 
an alkaline medium, still retamed some curative power 

Watery yeast extracts — Ten typical cases of macrocytic anaemia were treated 
with watery yeast extracts of knovTi potency for the B vitamms All these cases 
failed to show any response When these extracts were first used it had not been 
ascertamed that vitamm B2 was completely mactive curatively , it was rather 
assumed, owung to Castle’s work, that extracts contaimng this vitanim would 
be as active as marmite Two very severe cases were therefore treated with 
these extracts, as at the time liver extract was not procurable m the particular 
hospital where the patients were , unfortunately both went downhill rapidly and 
though bver extract was procured and given m large doses, both cases died 
The other eight cases responded typically to active preparations of marmite 
(Chart 3) 


Bried yeast -ponder — Five patients were treated with this preparation As 
marmite is sunplv an autolysed yeast product it was anticipated that yeast, 
the parent material, would be active too Dried yeast, how ever, in doses of 30 g 
or more daily had no hsemopoietic action All the cases so treated failed to show 
any response though all responded well to active preparations later (Chart 4) This 
yeast was a poor source of vitamin B2 and so possibly of other important biological 
factors Later, however, two cases of typical macrocytic anmmia were treated m 
England with eqmvalent doses of a dried brewer’s yeast of known good potency for 
the vitanun B complex, and also failed to unprove, though both responded well to 
ma^te later Untreated dried yeast can therefore also be excluded as the source 
of the hsemopoietic factor 



Response to various preparations of yeast and the miamm R complex 

CASE NUMBER AND SEX 




SECOND PERIOD — DAILY DOSE 01' SURSrANCJ!i ADMINIS U-.RLD 



ME 


2 


2^otc — * R B C =Rcd blood cells m millions per o mm Rot =Pcrccntago of rotioulooytcs in total red colls 
t Delivered 5 dnvs later 

X Treated with alcoholio extract for 12 days between first and second ponod 
II Oavo maximal responso to raarmito later 
§ Delivered 7 days later 
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Mm mite —Ten cases were treated with unaltered marmite to confirm the 
previous work and also to show that cases that had failed to respond to other 
preparations would respond to treatment with maitnite There were two faihues 
in this series that must be considered m view of certain criticism of this methorl of 
treatment The one case was of special interest as she w^as the first ever treated with 
marmite (1931) She then made a maximal response and was discharged cured, 
only to relapse at home She was a poor Brahmin widow and theiefore a strict 
vegetarian She was readmitted and again discharged cured, but once more 
relapsed and wms again admitted, critically ill w ith a red cell count of about a million 
Treated with marmite she made a submaximal response and seemed to be improving 
when she developed a septic mouth and acute parotitis, went downhill rapidlv and 
died three da 5 '^s later, in spite of intravenous hver treatment Sepsis is known to 
inhibit the haemopoietic effect of both liver and marmite, but the poor imtial 
response in the thud attack compaied with the maximal responses on the tvo 
previous occasions suggests that the marrow may have beenbecommg aplastic The 
second case was associated with intractable diarrhoea of some years standing , there 
was no response to either marmite oi liver extract by mouth, neither preparation 
being tolerated m any but small doses The other eight cases on marmite made 
maximal responses One, a pregnant woman, remained in hospital long enough for 
hei red cell count to use from 1 to 4 millions per c mm when she was dehveied of a 
healthy full term infant and seven days latei her red cell count was 4 6 milhons 
per c ram (Chart 5) 

Before leaving the question of the activity of marmite m these cases of tropical 
macrocytic anaemia, it is mteresting to note the results in 10 cases treated at tlie 
same time with liver extracts Here agam the cases w^ere on the whole very severe 
and there were five deaths , or these five fatal cases, two were pregnant women with 
severe uiinaiy sepsis, 2 were men both critically ill when emitted with red cell 
counts below 0 7 million per c mm who failed to respond to vigorous liver treat- 
ment by both the intravenous and intramusculai routes, and the fifth case has been 
reported above It is thus obvious that both liver and marmite therapy wiil 
continue to give some negative results as long as the patients fail to zeporfe m tlie 
earlier stages of the disease, but as a whole the lesults with both liver and marmite 
in tropical macrocytic ancemia compare very favourably with those obtained witii 
liver therapy in Addison’s pernicious anaemia 

After confirming the previous work with marmite an attempt was made to 
determine the nature of its hmmopoietic fraction The work reported above ha 
excluded the vitamin B complex The tiial of soluble and insoluble fiactions 
showed the active principle to be w^atei soluble (Chart 6) It was also solub e m 
80 per cent alcohol (Chart 7) though some of the potency of the ongmal ma crw 
was lost as all the cases did not respond to doses equivalent to 30 g of marmi 
The loss of potency may depend on the physical nature of the precipitate an 
amount of washmg 

The active fraction survived autoclavmg for five hours at 120°C and 20 ^ 
pressure, at an imtial pH of 6 5 Hive cases treated rvith marmite so heated tea eu 
so dramatically that an impression was derived that the potency of the ‘ 
had actually been increased by the treatment (Chart 8) , certainly a 

no loss of hsemopoietic factor Two further cases treated with tins 
did not respond , one, a male admitted in a critical state with a re 


preparation 
cell count of 
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580,000 per c ttitii , died on the second day of treatment and the other, a middle-aged 
man admitted vrith a red cell count of 883,000 per c mm and an abscess in the 
external auditory meatus, showed no improvement for 10 days At the end of 
that tune, when the abscess had drained, he received liver extract and made a 
maximal response 

There was a considerable loss of potencv after autoclavmg marmite at an 
initial pH of 9 0 for 10 hours at 120‘’C and 20 lbs pressure Such treatment 
brought down a heavy, sticky precipitate, very difficult to administer and also 
extre^mely unpleasant to the taste In doses equivalent to 30 g marmite there 
was no response and with larger doses, equivalent to 45 g , the results were 
variable , m one case so treated there u as a good response, and m another only a 
submaximal one, though this case gave a maximal response to marmite later 

Discussion 

The work reported above was planned to confirm the previous findmgs on 
the therapeutic value of marmite m tropical macrocytic ansemia, and to attempt 
to determine the nature of the dietetic deficiency believed to give use to the 
condition 

The therapeutic value of marmite has been amply confirmed by the author 
and by other workers The negative results of Mudabar andEao (1932) are 
difficult to understand if the cases treated by them were of the same type as those 
described by the author It should, however, be noted that the seasonal inci- 
dence IS totally different from that observed in Bombay and Calcutta, that they 
leport a large percentage of cases with either hypochlorhydria or achlorhydria 
whereas the author’s cases had as a whole a normal gastric acidity, and finally 
that they include under the title of ‘ pernicious anaemia of pregnancy ’ cases 
with low colour indices, which, m the author’s experience, would not respond to 
either liver or marmite treatment Till a full record of the cases is published, it 
IS difficult to assess the significance of Mudaliar and Rao’s findmgs 

As regards the exact nature of the dietetic deficiency the vitamin B complex 
has been excluded as the active fraction m marmite and as Castle’s extrinsic factor 
Dried yeast, watery yeast extracts, and preparations of the B vitamins from other 
sources (egg white and rice polishmgs) have been shown to be completely inac^-ive 
It has also been shown that egg white incubated with normal gastric jmce was 
completely inactive m a case of true Addison’s anEemia when given m doses corres- 
ponffing in vitamin B 2 potency with the curative dose of marmite (Wills, 1933) 
This work has been confirmed by Groen working m Professor Snapper’s laboratory 
in Amsterdam (personal commumcation to be pubhshed shortly) This worker 
used marmite, yeast, and egg white as Castle’s extrmsic factor and gave them after 
incubation with normal gastric juice, to cases of idiopathic permcious amemia 
He too found that marmite was active, w'hereas yeast and egg white were inactive 
when given m this manner 

The hsemopoietic factor m marmite has been found to have the following 
characteristics It is water soluble, heat stable in acid medium and partially resistant 
to autoclavmg m an alkahne medium , it is not precipitated or mactivated by 80 
per cent alcohol Jlarmite is an autolysed yeasfi extract, and it is possible that in 
the process of autodigestion the active prmciple is formed, but it seems unlikely 
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that it IS the same as the hsemopoietic factor in liver The majority of cases of true 
Addison’s anaemia do not respond to untreated marmite, and it seems more likely 
that those cases of Addison’s anaemias that do so still have some intrinsic factor 
present in their gastric juice It is difficult to understand the inactivity of yeast 
but before it can be ascertained with certainty that the active fraction is really 
absent, only appealing after autolysis, cases must be treated with crushed yeast 
cells, since the intact cell of ordinary brewer s yeast is only digested with difficulty 
by normal gastric juice, even after prolonged'incubation Watery yeast extracts 
contain so little of the solid yeast that the active fraction may well be discarded 
with the insoluble residue It is obvious that much more work is necessary before 
the nature of this heemopoietic factor or its distribution in nature is known 

There seems, however, sufficient eiidence to warrant the assumption that the 
disease, both in pregnant and non-pregnant v omen and men, is a simple food defi- 
ciency and not a conditioned food deficiency as in true pernicious a memia The 
evidence for this has already been discussed but it is important to stress the point 
particularly from the point of view of preventive medicine As a prophjdactic 
measure, m areas where the condition is endemic, education and public health policy 
should encourage the consumption of protein of good biological value, especially 
meat, and, further, for a vegetarian population, the use of some autolysed yeast 
product such as marmite Till the exact nature of the extrinsic hsemopoietic factor 
IS determined and its distribution m food-stufis known, the advice cannot be more 
exact, but a diet includmg adequate quantities of either beef muscle protein or 
marmite should prevent the onset of svmptoms, except m those rare cases where 
the intrinsic factor is missing 


Summary 

(1) Evidence is adduced and discussed that tropical macrocytic anaemia is a 
simjile condition of dietary deficiency 

(2) The curative action of marmite in this condition already reported has been 
confirmed 

(3) The nature of the hsemopoietic factor was investigated by the use of various 
specially prepared fractions of the vitamin B complex 

(4) By this means the recognized constituents of the vitamin B complex were 
excluded 

(5) The hsemopoietic fraction of marmite was found to be water 

heat stable in acid medium and not to be precipitated oi inactivated by 80 per cc 
alcohol 
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AGES OF EPIPHYSIAL UNION AT THE ELBOW AND WBIST 
JOINTS AilONGST INDIANS 

BY 

RAGHUNANDAN LALL, 

King Gcoigc’s Medical College, LticLnow, 

AND 

Captat-. B S NAT, I M s 

[Receiveci for publication, October 16, 1933 ] 

This investigation nas earned out m tlie Radiology Section of King George’s 
Medical College, Lucknow, tlie expenses of the Inquiry being defrayed from a grant 
from the Captain Kunwar Indeijit Singh Research Scholarship Fund It was 
undertaken to ascertain whether the ages of union of epiphyses amongst Indians 
differ from those rt' Europeans (as given in the different textbooks of anatomy), 
on account of the commonly held view that the Indians reach maturity at an earlier 
period of life , ami incidentally to supply the medical jurist, who has to depend at 
present on European textbooks, with figures more especially applicable to Indians 
in the many medico-legal cases where the question of age frequently crops up 
The radiologiial method of studjnng the unions was preferred to the purely 
anatomical, j^Aobservations could be made on a much larger number of subjects 
of known who were otherwise normal, and the figures thus arrived at 
would na^„„„ j-iiy give more correct averages than a study m the anatomical 
laborator g J 

We nth Gasot unfortunately carry out these observations over a large enough 
numberliat, witB to enable us to give fully authoiitative figures, as on account of 
prejudiarher agsst parents and for other reasons we could with great difficulty win 
over thi ation of only one local school (Hiissainabad High School) The 

results, throw mteresting hght on the subject and give figures comparable 

to those I by workers in other countries and on other races In all 62 boys 

of ages V Vom 16 to 20 years were examined The total number of skiagrams 

taken wa observd These were m many cases taken m both antero-postenor and 
lateral vie™erentiiiake certam about the umon 

{ 683 ) 
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Tlie point at ivhicli union may be considered to be complete is rather difficult 
to define in a skiagram For the purposes of our investigation we counted an 
epiphysis as united only if the epiphysial space was, in bony architecture and density, 
indistinguishable from the epiphysis or diaphysis in its neigiihoiixhood Cases of 
recent union where a line was stiU seen in the place of epiphysial cartilage were not 
classified as united 

Our observations are of course confined only to males and, on account of the 
gimeraliy accepted view that females show union earlier (Pryor, 1928) hy two 
js or more, it is probable that union in the case of Indian girls must he taling 
at ages that would he surprisingly young compared to the teaching of the 
lard anatomical textbooks 

have divided the students in four age groups of 16-17, 17-18, 18-19 and 
The number of boys examined m each group is respectively 15, 21, 11 
'• group of 19-20 IS too small for averages, and accordingly the 
per has been confined to the age groups 16-17, 17-18 and 
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Hnevkovsky write, ‘ fusion is accomplished m 67 per cent of all cases at 17 and in 95 
per cent of all cases at 19 years of age’ Egyptian figures are somenhat similai 
Prague figures closely agree yitli our observations The medial epicondyle is 
united m 67 per cent of cases in the 16-17 group and 90 per cent of cases in the 
17-18 group amongst Indians 


Upper end of radius 

According to Paterson this ]oins the shaft rcry constantly during the 18th 
or 19th year, i e , durmg the age group 18-19 or 19-20 Paterson, Davies and 
Parsons put the average age of junction as 15th to the 16th year The Continental 
observers above quoted state, ‘ fusion with the diaphyses begins after 

14 years of age and is accomplished in the 18th year ’ Our figures are in agreement 
with those of Sidliom and Derry for Egyptians There is no doubt that the fusion 
must start much earlier than 16 years, although the maximum increase is in the 
17-18 group, as even m the 16-17 ^oup ten out of fifteen show this union 


Upper end ulna 

Paterson again puts this iimon very late — at about 19 years Davies and 
Parsons consider that this umon takes place a little later than that suggested by 
textbooks and would place it in the I7th year Our figures show that it takes place 
a little earlier than that of the upper end of the radius in Indians and seem to agree 
here with the observations of Davies and Parsons 


Lower end of the radius and the ulna 

We are discussing these two together as our figures, unlike others for both of 
these bones are much the same and are very diflferent from those given by any of 
the other authors quoted abor e Paterson gives the age of umon as 21 , Davies 
and Parsons put it at 20 Sidhom and Derry state, ‘ only 8 per cent were urated in 
the 16-17 group ’, while our figures (given in the suinmar} ) give the percentage 
of umon in that age group as 40 IITieredS only 50 per cent of the Egyptian cases 
showed umon in the 18-19 group, as many as 73 per cent of our cases uere umted in 
the corresponding period— a figure reached by the Egyptians m the next, i e , 19-20 
group Hence our observations point to the age of union amongst Indians being 
a little lower than m Egvptians— at about 19 years of age Tins is in close agreement 
with the findings of Flecker (1932) for Australians This author comparing his 
results with Galstaun’s (1930) states, ‘Thus it would appear in Galstauns Hindu 
series, that, with the exception of a few instances, fusion does not take place Generally 
at an earher age than in this Australian senes of European de'^cent ’ 


Summary 

Oiu: observations can be tabulated as follows in the form of nercenta 
umon m difierent age groups The figures within brackets are similar perce 
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Table II— (17-18) 


Number 

Eadius 

Ulna 

Hdmeeus 

Upper 

Lower 

Upper 

Low cr 

Medial 

epicoudyle 

Lower 

1 

+ 

+ 

+ 

+ 

+ 

+ 

2 

+ 

— 

- 

— 

+ 

\ 

+ 

3 

+ 

+ 

+ 

+ 

+ 

+ 

4 

+ j 

+ j 

+ 

'h 


+ 

5 

+ 

1 

— 

+ 

— 

-u 

1 

+ 

6 

+ 

i 

+ 

+ 


+ 
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+ 

I 

— 

+ 1 

— 

+ 

+ 

8 

I 

i "" 

— 

+ 

— 

— 

+ 

q 


— 


+ 

+ 

+ 

10 

+ 

+ 

+ 

+ 

+ 

+ 

11 

+ 

— 

+ 

— 

+ 

+ 

12 

+ 

+ 

+ 

+ 


+ 

13 

+ 

— 


— 

Ju 

i 

+ 

14 

— 

— 

— 

— 

— 

— 

15 

+ 

— 


1 

J. 

t 

- 

16 

i 

+ 

+ 

+ 

+ 

+ 

T 

17 

+ 

+ I 

1 

: + 

! + 


-r 

18 

+ 


^ + 


+ 

+ 

19 

+ 

+ 

+ 

+ 

+ 

1 

“T 

20 

— 

— 

+ 

— 

+ 

— 

21 


+ 



+ 

+ 

+ 

+ 
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Table III — (18 19) 


Number 

Radius 

UtNA 

HUMEItUS 

Upper 

Lower 

Upper 

1 Lower 

Medml 1 
1 epicond^le 

Lower 

1 

+ 

T 

+ 

T 

+ 

+ 

O 

1 

1 

- 

- 

+ 

- 

+ 

+ 

3 i 

1 

+ 

+ 

-r 

+ 

T 

J. 

4 

+ 

- 

+ 

- 

- 


5 

+ 

+ 

+ 1 

+ 

"f 

+ 

C. 


+ 

1 

- 


+ 

7 

+ 

+ 

1 

-h 

-i- 1 

4- 

+ 

S 

J- 

- 

+ 

- 

+ 

1- 

9 

+ 

+ 

+ 

+ 

+ 

+ 

10 

+ 

+ 

+ 

+ 

+ 

J 

11 

4* 

+ 

1 

+ 

+ 


+ 
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ACTION OF B COLI ON CONJUGATED BILE ACIDS 


BY 

KALI PAD A BASU, d sc (Dac ), Dr pLiI (Munch en), 

AND 

SUBESH CHANDRA CHAKRAYARTY, m sc 
{From the Biochemical Section, Chemical Laboiatorij, University 

of Dacca ) 

[Received for publication, November 24, 1933 ] 

In order to obtam free bile acids from the state of conjugation with amino- 
acids in which they occur m the bile, one has to depend exclusively on the method of 
hydrolysmg with hot and strong alkali The method is rather drastic and besides, 
the possibihty of some isomeric changes in the bile acid molecule durmg the hydro- 
lysis IS not excluded The question, if and how far it is possible to brmg about a 
cleavage of the conjugated bile acids with enzjTiies and bacteria, especially those of 
the mtestmal tract, is therefore very important from the stand-pomt of preparative 
as well as biological chemistry 

Smorodmzew (1922) tried the action of the enzyme histozym on conjugated 
bile acids and claimed that he obtamed a cleavage But the extremelv crude 
methods employed by Smorodmzew make any quahtative, not to speak of a 
quantitative, estimation of the results of his experiments impossible, for it is not 
possible to distingmsh taurochohe and glycochohc acids from chohe acid either on 
the ground of the solubrhty of the barium-salt or vnth the iodine reaction of Mylius, 
as has been done by Smorodmzew ’ 

Grassmann andBasu (1931) tried the action of pancreatic trypsm, of glycerine 
extracts of pancreas, mucous membrane of the intestine, fresh hver, and kidney, of 
papain and of an aqueous extract of Aspergillus oryzee on conjugated bile acids 
In all cases a negative result was obtamed except m the case of extracts of kidney 
and Aspergillus oryzee in vluch case a shght cleavage was obtamed ^ 

As it IS generally supposed that the conjugated bde salts are hydrolysed durmc 
their passage through the mtestme, it was thought advisable to study the action of 
B coll, an mtestmal bacteria capable of brmgmg about various kinds of reactimv; 
on conjugated bile acids 

( 691 ) 
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Action of B coll on Conjugated Bile Acids 


Experimental 


A pure culture of S coli on agar was obtained from Messrs Bengal Immunity Co, 
Calcutta This B coh was sub-cultured thrice successively in nutrient brott agar 
The nutrient broth was prepared by dissolving 5 g of meat extract, 2 g of peptone 
(Witte), 02 g sodium chloride and making up to 1,000 c c uith water Thisivas 
sterilized in the autoclave for 15 minutes under 1 atmosphere pressure Two g of 
sodium chloride wei e then added and the solution filtered Eive g of agar were dis- 
solved ill 100 c c of this solution by heating in steam, and 5 c o of this nutrient broth 
agar were taken in each test-tube which was sterilized in an autoclave before a sub- 
culture of B coh was made in it 


In order to make the B coh adaptive to bile salt it w as sub-cultured successively 
thrice in a medium containing 20 g peptone, 5g sodium taurocholate and 10 g 
lactose per litie In order to avoid the decomposition of the bile salt thismediiun 
was sterilized in steam on three successive days for seven hours each day 

Next to get the B coh accustomed to a bile salt medium without lactose it wns 
again suli-cultured thrice successively in a medium containing 20 g peptone and 5 g 
sodium taurocholate per litre At first the growdh of B coh was poor but on the 
third occasion the growth was very vigorous Eive hundred c c of this sterilized 
bile salt medium wutliout lactose were then inoculated with this B coh and placed in 
the incubator at 37°G for a week when a very good growth of B coh was obtained 
The solution containing the bacteria was then centrifuged at a speed of 5,000 
revolutions per minute The B coh collected at the bottom of the tube It wns 
then repeatedly washed with physiological sodium chloride solution by centrifuging 
and ultimately shaken up to 100 c c with physiological sodium chloride solution 
From this a definite volume, 5 c c , was pipetted off for each expernnent 

The conjugated bile salt on which the action of B coh was tried uassodnun 
taurocholate In case of a cleavage by bacterial action, the following reaction 
should take place — 


CssHsgOsCONHCHsSOgH-t-HzO — CasHspOgCOOH-f-NHsCHsCHaSOaH 

Taurochohc acid Taurin 


With the progress of cleavage the acidity should therefore increase andsliou 
be capable of measurement by Mhllstatter’s method of cstimatmg ammo-acids y 
titrating with alcoholic caustic potash in 90 per cent alcoholic solution, using an 
indicator like thymolphthalein whose end-point lies far off in the aUcahne region 


(pH 10-11) 

The experimental procedure was therefore as follows A stock solution o g 
sodium tauiocholate in 250 c c was prepared As reaction vessels, measuring a 
of 25 c c capacity were used, into each of which 15 c c of the 
at 37°G were taken This was then bi ought to the desned pH by a i 
the lequisite number of drops of acid or allrali using Glarke’s and Lubb s se 
indicators Two cc of M/10 phosphate buffer at 37°C were then ^ - 

next 5 c c of the B coh suspension also at 37°C The volume w ^ 

and the flasks maintained at 37^0 in a thermostat and shaken i j |,Qi 
Five 0 c of the solution were pipetted off from time to time, oO c c 
added and titrated fxom a mcro-burette with N/20 alcohohc 
thymolphthalein as the indicator tiU a permanent blue colour was 
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Results 

Tlie following series indicate the typical results — 


Table I Table II 

Control Sodium taurocJiolate and 


Sodium taurocholate solution 
alone 

B coll suspension 
without buffei 

Time m hours 

c c N/20 KOH 

Time in hour’ 

0 c N/20 KOH 

0 1 

3 09 

0 

3 60 

f- 

24 1 

3 69 

24 

3 54 

72 

3 69 

72 

3 44 

9G 

3 69 

96 

3 40 

Table III 

Table IV 

Sodium taurocholate at 'pH 6 81, 

Sodium taurocholate at pH 8 03, 

phosphate buffer pE 6 8 and 

phosphate buffer pH 8 03 and 

B coll suspension 

B cob suspension 

Time in hours | 

1 

oc N/20 KOH 

Tune m hours ! 

oc N/20 KOH 

0 

4 25 

0 

3 94 

24 

4 25 

24 

3 56 

72 

4 25 

72 

3 46 

96 

4 25 

96 

3 16 


Discussion 

It would be apparent from the above tables that B coli brings about no cleavage 
of the conjugated bile acids On the other hand Tables TV and 11 indicate that in 
alkaline medium (sodium taurocholate solution itself is very slightly alkaline) the 
bacteria decompose a shght portion of the conjugated bile acids, as a result of 
which the titre gradually falls 

SchiS (1870) first postulated the theory of a bile cycle according to which the 
bile IS resorbed from intestme and finds its way back to the gall-bladder through 
portal vein and hver It is generally held [e g , Halhbiuton (1921)], that in its 
passage through the intestine the conjugated bile acid is broken up into the 
constituent bile and amiuo-acids and is formed agam m the hver The previous 

J, ME o 
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Achon of B coli 07 i Conjugated Bile Acids 


investigations of Grassmann and Basu [loc at.) already indicated, and also the 
present work makes it abundantly clear, that the bile cycle involves a cycle of the 
conjugated bile salts, and that the latter are not hydrolysed during their passage 
through intestine though a small fiaction might be bactenally decomposed 


Our grateful thanks are due to Professor J C Ghosh for his keen mterest in 
the work. 
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SPLENIC ENLAEGE]\IENT IN SOUTH INDIA 

A STUDY BASED ON POST-ISIOBTE^I EECOBDS 

T BHASKARA :\IENON, m d (Mad ), m r c p (Load ), 

Pathologist to the Goxermnent Royapiiram Hospital, Madias 
[Received for publication, December 11, 1933 ] 

No figures exist of the causes of splenic enlargement for South India and this 
study has therefore been undertaken in order to get an idea of the factors that 
contribute to its incidence here This is based on the post-mortem records of the 
Government General Hospital, Madras, and the Government Eoyapiiram Hospital, 
Madras The former figures date from the year 1889 although a Pathological 
Department was first created in the Madras Medical College earlier The figures 
range for a period of 40 years from 1889 to 1929 for the General Hospital and to 
1933 for the Rovapuram Hospital Most of these figures relate to the records of 
pathologists uho held office as Professor of Pathology m the Medical College 
The records of more recent yeais refer to uork with uhich the writer was more 
intimately connected botli at the Medical College and the Royapiiram Medical 
School In many instances these post-mortem findings are amplified by 
microscopic examination of smears and histological sections even dating back to 
the mneUes One is, at the outset, compelled to pay a tribute to the work of 
these early pathologists for the completeness of their observations and records 

The total number of autopsies analysed is 5,034 The normal weight of the 
spleen is taken to be between 3 oz and 7 oz following the figures of this presidency 
for adults for medico-legal autopsies Anythmg above 7 oz is taken as enlarge- 
ment This therefore corresponds to the 200 g taken by De (1932) as the minimum 
for enlargement m Bengal Of these 5,034 autopsies the total number of cases 
showmg enlargement of the spleen was only 1,101 or 21 9 per cent, a figure which 
compares qmte favourably uitli 54 per cent in De’s figures for Bengal and 40 per 
cent in Gharpure’s figures (1933) for Bombay De’s figures and these I have taken 
are on the same standard, but Gharpure takes 150 gas the mmiTmiTn for enlargement, 
and so his figures for Bombay, judged by our standards, are a bttle too high These 
enlarged spleens are further classified into four groups closely following De’s 
standards 

Thus, 200 g to 500 g slight enlargement , 

500 g to 1,000 g moderate enlargement , 

1,000 g to 1,500 g marked enlargement , 
over 1,500 g extreme enlargement 

analysis that follows is based upon well lecogmzed pathological tvpes and 
unlike De s analysis, is not based on climcal history or climcal diagnosis ’ 
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S'pleniG Enlargement in South India 


Gioiip I includes those cases of acute enlargement with softening tliat go 
under the name of ' septic spleen ’ or the acute splenic tumour of the clinician 
I have included a sub-group under the term ‘ acute congestion ’ which I believe to 
be slightly different Under another sub-group is the solitary instance of ‘ abscess 
of the spleen ’ 

Group II includes cases of ' chionic venous congestion ’ mostly due to cardiac 
failure of the congestive type from myocaidial, valvular, or pericardial disease 
There is one instance of congestion and moderate enlargement due to thrombosis of 
the portal vein 

Group III of splenic enlargement associated with cirrhotic changes in the liver 
I have put down under a separate head, since the process appears to be slightly 
different from simple venous congestion 

Group IV includes diseases of haematopoietic system, such as leuhsemia 

Group V includes the chronic hyperplasias such as those due to the infective 
granulomata 

Group VI IS a miscellaneous group where rare causes of splenic enlargement 
are included 

In Group VII I have put down all unclassified cases 

Group I A 


Septtc spleens Total cases 399 

Lobar pneumonia 

Bronchopneumonia including abscess and gangrene of the lung 
Enteric fever 


Septicaemia and pyaemia 
Acute peritomtis 
Pleurisy and empyema 
Acute pericarditis 
Acute endocarditis 
Acute menmgitis 
Dysentery, unclassified 
Dysentery, bacillary 
Dysentery, amoebic 
Abscess of the liver 
Pyelonephritis 
Burns 

Influenza and influenzal pneumonia 
Miscellaneous infective conditions 
Acute yellow atrophy 
This first group consists of 399 mstances of acute septic spleen The 
ment is mostly slight (200 g to 500 g ), and there are a few cases where it ‘ 

(500 g to 1,000 g^) The appearance of the spleen in these cases was one 
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where there is more of hyperplasia and congestion, and a pale red type where there 
IS httle hyperplasia but leucocytic collections are more in evidence On analysis 
of these 399 cases the commonest cause of this type of splemc enlargement was 
seen to be lobar pneumonia This is probably due to the large number of such cases 
that come to autopsy Of enteric fever, which bulks largely in the eyes of the 
climciau, we have only 15 cases This is probably due to the difficulty m obtaining 
autopsies in this type Unusual figures in this group are the number of cases of 
abscess of the liver Of the 23 cases, only three were abscesses due to pyogenic 
infection , the rest v ere aU amoebic abscesses Of the dysenteries, amoebic dysentery 
has a high figure Malaria as a cause of enlargement m these conditions is excluded 
bv the appearance of the spleen Dysentery compbcating such conditions as 
malaria and kala-azar is classified under the latter heads I have not been able 
to discover malarial pigment or parasites m those cases I have personally exammed 
Eight cases of pyelonephritis are of mterest to the surgeon They raise the possibil- 
ity of hematogenous infection of the kidney Pleurisy u ith effusion and empyema 
causmg splenic enlargement is another feature that is worthy of note The 
enlargement was distmct but slight, except m one case where the spleen weighed 
over 500 g There were six cases of infiuenza and inffuenzal bronchopneumonia 
where a slight degree of enlargement was met with, probably ov mg to the severity 
of the infective process Splemc enlargement m influenxa is seldom met with by the 
clmician except m the gastro-mtestmal types, but acute congestion of the spleen has 
often been reported in autopsies 


Group I B 


Acute congestion of the spleen Total cases 30 
Shock after severe fracture and injuries 
Poisomng 
Sunstroke 
Heat-stroke 


6 

1 

1 


Under the headmg of acute congestion, I have included a sub-group, where the 
nature of the splemc enlargement is sbghtly different from septic hyperplasia 
This type I bebeve to be due to sudden vascular engorgement from alterations m 
the splanehmc cuculation Many would include this group under the heading of 
septic spleens, but the aetiological factors appear to be different In a few of these 
types I have exaimned, endothebal hyperplasia was not prominent, but areas of 
eongestion and hEemorrhage mto the pulp were met with Out of thirty cases of 
this sub-group, primary shock following severe fractures, such as fractures of the 
spine, skull, etc , and very severe mjuries, were responsible for 22 cases, and six 
were due to poisomng of various types, such as acute alcohobc mtoxication, where 
the cause of the enlargement is more obscure Malarial and other types of chrome 
hyperplasia that might have been comcident are not mcluded m this group 


Group I C 


Abscess of the spleen Total case 1 

Under t^ sub-group I have an instance of abscess of the spleen where comcident 
dysenteric lesions woffid lead one to suspect an amoebic abscess of the spleen 
inere is, noweveij no further evidence on this point ^ 
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Group II A 

Chrome venous congestion of the spleen with enlargement Total cases 63. 
Slight enlaigement (200 g to 500 g ) .53 

Moderate enlargement (500 g to 1,000 g ) ,7 

Weight not recorded 3 

Only slight enlargement was met w ith m most cases of chronic venous conges 
tion The spleen in these cases was hard, elastic, almost purple in colour, uitli a 
firm pulp, well-marked trabeculae, and a thickened capside whicli was often slate 
grey in colour Histologically, the picture was one of increased prominence of 
the sinuses, which became distended ivith blood There was increased fibrosis of 
the tiabeculoe and increase in the elastic tissue Most of these cases were due to 
cardiac failure One case in this group is worthy of interest It occurred m 
ben-ben w%ere the right-sided carcliac failuie had caused an enlargement of o\cr 
GOO g 

Group II B 

Chronic venous congestion due to thiombosis of the splenic vein Total case 1 


Group II C 

Chronic venous congestion due to thomhosis of the poital vein Total case 1 
Chronic venous congestion from thrombosis of tbe splenic vein caused moderate 
enlaigement in one case and thiombosis of the portal vein caused marked enlarge 
ment m another 

Group III 


Splenic enlargement assocuaed with cmhosis of the liver 
Total cases 101 (-f-2 syndiome of Banti) 

Portal cirrhosis of the livei 


Slight enlargement 
Moderate enlargement 
Marked enlaigement 
Extreme enlaigement 
Obstructive biliary cinhosis 
Hypertrophic bdiary cirrhosis (infectne) 
Cirrhosis of the livei in childien 


56 

31 

6 

1 

2 

5 

2 


"^Cirrhosis with malaria 
"^Cirrhosis with kala-azar 
■^'Syphilitic cirrhosis 
Syndiome of Banti 

filaiked enlargement \ 
Moderate enlargement j 


5 

5 

1 

2 



* Included under the re'ipective headings, shomi hero for companson 

If we are to analyse those cases of portal cnrhosis showing 
on the one side we have a group of 56 cases showing slight enlargemen , 
be regarded as being due to chronic venous congestion of the spleen r , 
sation of the portal circulation On the other hand we have ol c 



T B Menon 


699 


enlargement is more tliau 500 g , five cases n here the spleen is over 1 ,000 g and one 
case of extreme enlargement ■svith a weight of over 1,500 g These are cases vhere 
the splenic enlargement cannot obviously be accounted for on the basis of chrome 
venous congestion 

It IS possible that these are cases where the spleen seems to bear the brunt of 
the toxemia and the changes in the liver can only be regarded as coincident There 
were cases that merged imperceptibly mto the type described by Banti (1894) with 
marked thickenmg of the reticulum, widening of the sinuses, hyalinization of the 
trabeculse and endophlebitis of the splemc vein These changes, how ever, I do not 
regard as something distinctive, but more or less similar to the changes that occur m 
portal cirrhosis Durr (1924) wlio had an opportunitj of examining Banti’s sections 
IS not inclined to regard the ‘ jibro-adenie ’ of Banti as a specific process occurrmg 
only in this condition The same changes may he met with in portal cirrhosis 
Widening of the sinuses which is regarded as distinctive is also commonly met with 
in portal cirrhosis The endophlebitis spreading to the portal vein is not constant 
It IS met with m malarial spleens Early hyalinization of the malpighian vessels that 
Banti regards as the first stage of the whole process is met with m other conditions 
In fact as Krumbhar (1927) puts it ‘ there is a discouraging lack of specificity in the 
lesions ’ Nagieh (quoted by Kaufman, 1929) claims that all the stages of Banti’s 
syndrome were met with in lues and suggests that to the syndrome of Banti the 
aitiological diagnosis may be added such as malaria, syphibs, etc Widemng of the 
smuses, and reticiJai fibrosis and endophlebitis have been met in a few of my cases 
m chrome malaria, but the condition here passes on to a more advanced stage 
with gradual disappearance of the adenoid structures, no doubt due to the 
irritative effect of the pigment In this senes of cases, there are two mstances 
of Banti’s syndrome nhere anaemia and splemc enlargement nere followed by 
cirrhosis of the liver It is curious that, apart from these cases, these records 
show no instances of splemc an^rma as such , one finds many instances where the 
splemc enlargement has not been put dow n to any defimte cause It looks as if 
these pathologists even m the mneties were content to regard splenic ansemia as a 
climcal syndrome w ithout an} umfoim pathologic basis 

Cases of malaria showmg cirrhotic changes m the liver amount only to five 
in our series These are all grouped together under malaria The existence of 
a malarial cirrhosis is a matter of acute controversy Osier (1929) has never come 
across a single instance m 15 years RoUeston and McKee (1929) doubt whether the 
curhosis occurrmg m malaria is only a comcidence Rogers (1930) m Calcutta has 
never come across any case though he postulates an amoebic cirrhosis Tirumurti 
and Radhakrishna Rao (1933), m Vizagapatam, have no instance to record On 
the other hand the effect of malaria m mducmg damage to the liver has been 
emphasized by Smton and Hughes (1924) Hughes (1933) from Lahore puts forward 
the imtauce of a group of cases of cirrhosis, some of them running a course Idee 
Banti’s syndrome, where the climcal history and the post-mortem evidence of 
malaria are striking He argues that ‘ pathological changes in the portal spaces of 
the liver are surular to those m the spleen, viz , cellular hyperplasia followed by 
fibrosis Hugbes desciibes a case 'where the gradual change could be followed 
horn chronic malaria with enlargement of the liver and spleen to cirrhosis of the 
fiver with ascites From a pathologist’s point of view, when fibrotic 
m the spleen following the chronic hyperplasia induced by the present 


changes occur 
e of parasites, 
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lb seems uareasonable to deny that such changes can possibly occur m the hver 
The demonstration of the reticulo-endothelial system by Aschoft (1924) has brought 
to ns a clearer understanding of the lelations^between the^ liver_^and spleen, and 
Eppinger (1920) would have us define many diseases of the spleen as hepato-heual 
diseases Protozoal disease, ivhere the importance of the reticulo-endothelial 
system is becoming more apparent, when it involves the spleen, is bound to have 
similar reactions on the liver 


When we pass on to the next group of cirrhosis with kala-azar, Rogers (1930) 
has drawn attention to similar cirrhotic changes He has described an ‘ intracellular 
cirrhosis ’ in the cases of over two years’ standing Here, the early enlaigeineut of 
the liver is due to a stufiSng of the reticulo-endothelial system, a reticulo-endothe- 
liosis, which has its counterpart in the spleen and the bone-marrou Stimulatiou 
of this system is met with in protozoal diseases like malaria and kala-azar There 
IS ample evidence in the mononucleosis of the blood, and the enlargement of the 
spleen and the liver Whether this is followed by a leactive fibrosis is a disputed 
point Shanks and De (1932) liave examined the liver and spleen m twenty-six 
consecutive cases of kala-azar and found fibrotic changes in the hver only m 
30 per cent of cases, while in the spleen they found fibrotic changes only in 20 
per cent of cases They therefore consider that fibiosis of the spleen and cirrhosis 
of the liver are not regular features of kala-azar I have tried to assess the pro 
portion showing fibrotic changes in the spleen in our records Out of oiu series of 
155 cases of kala-azar, adhesive perisplemtis was met with in 21 cases while thickening 
of the capsule was met with in 36 cases making a total of 57 cases with evidence of 
fibrosis, or 36 7 per cent, a figure higher than that obtained by Shanks andDe It 
IS thus clear that, while fibrotic changes are not common, they occur in a certain 
proportion of cases, the incidence probably depending on the chionicity of the 
disease Maximow’s (1933) studies on the potentiahties of the reticulum cells ha\ e 
taught us that this undifterentiated reticular syncytium has got powcis not only 
of forming the littoral cells which line the sinuses of the spleen, lymphatic glands, 
bone-marrow and the liver, but it is also capable ot dilierentiation to reticulum 
fibres, which m turn become conveited into collagen in pathological conditions 
It is therefore cleai that the hyperplastic reticido-endothehum is capable o a 
grosser change into fibrous tissue provided the stimulus is chronic There seems 
to be no valid reason to deny that fibiotic clianges can occur m the hver an 
spleen in such cases, especially as there is definite post-mortem evidence o an 


association in a certain proportion of cases 

Of the two cases of cirrhosis in children, I am not at present able to say 
anything definite Radhakrishna Rao (1933) in Vizagapatam has put forwart 
possibility of a syphilitic origin in such cases, but it appears to me that ciri 
childhood that is met with here may be possibly lelated to infantiie 
which is so common ‘ Toxic cirrhosis ’ is another factor to be reckone w 
With regard to the five cases of bihaiy cirrhosis recorded, one is J 

the result of inflammatory changes spreading fiom the gall-bladder ujjgg 

The others are probably of an infective nature, though I have no definite e 
on this point The two oases of obstructive biliary cirrhosis were associa 
the presence of gall-stones 

There are four cases of syphihtio cirrhosis in adults, 
irregular scars aad gummata gave rise to the condition called hepar o 



T B Menon 


701 


Gpoup IV 

SpJemc enlaigemcnt associated with disease of the hcBinatopoielic system 

Total cases 2i 


Leuk'Bnua — Total number of cases 9 

Moderate enlargement 1 

Marked enlargement 1 

Extreme enlargement 7 


In all these cases of leuksemia there w as associated enlargement of the liver 
Pernicious ancemia — There were seven cases of permcious ansemia with splenic 
enlargement which was slight m five cases and moderate m two 

Ancylostomiasis — ^Eive cases of ancylostomiasis showed shght enlargement 
of the spleen which was not due to malaria The spleen was soft and pale in colour 
and corresponded to the pale septic spleen met vith m septicrcmias The nature 
of this enlargement is obscure, but the possibility of toxic absorption from the 
worm or from the lesions m the mtestinc has to be borne in mind 

Unspecified type of ancemia — Shght enlargement was met with m three cases of 
unspecified types of anaemia, where there were no other factors to account for the 
condition 

Group V 

Chronic hyperjdasias Total cases 388 


1 Tuberculosis — Total number shoving enlargement 84 

Simple enlargement 'j 63 

Mfiiary tubercles I 14- 

Caseous tuberculosis j 4 

Tuberculous infarction J 1 

Shght enlargement 1 77 

Moderate enlargement i 6 

Marked enlargement J i 

2 Syphihs — Total number with enlargement 20 

Simple enlargement I 14 

Gumma ta m spleen / 6 

3 Hodgkin’s disease — ^Total number 2 

4 Actinomycosis — Total number 1 

5 Leprosy — Total number 2 

6 Malaria — Total number 224 

Shght enlargement 69 

3Ioderate_enlargement 45 

Marked enlargement 6 

Extreme enlargement 2 

Weight not recorded 2 


7 Kala-azar — Total number 

Shght enlargement 
Moderate enlargement 
Marked enlargement 
Extreme enlargement 
Weight not recorded 
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Chronic hj peiplasias form a well recognized group occurring most oftea intte 
infective granulomata and in protozoal diseases There are 84 cases of tuberculosis, 
mostly fibro-caseous tuberculosis of the lungs with enlargement of the spleen hi 
most of these cases, the enlargement is of the natuie of a simple hyperplasia of tlie 
littoial cells such as is met with in the septic spleens Mihary tubercles occurred in 
only ] 4 cases Caseous tuberculosis of the spleen was met with in four cases In 
one of these cases, the enlaigement of the spleen would appear to be the chief 
lesion, piimar} tuberculosis so called , and there was an old scar in the lung shomng 
the mode of entiance of the bacillus There was one case where typical nedge 
shaped infaictions, occiunng in a case of tuberculosis, showed histologically the 
tuberculous nature of the changes affecting the vessel 

There uere 20 cases of sj^philis showing enlargement, and of these sixshoned 
gummata iii the spleen Two instances occurred of Hodgkin’s disease, and one 
of actinomycosis, nhich nas secondary to actinomycosis of the liver Two cases of 
leprosy showing splenic enlaigement are of interest 

There are 155 cases of kala-azai where a diagnosis was made on post-moitcni 
findings These cases date fiom the year 1903 w hen the parasite v as first discovered 
by Donovan in a spleen smeai Subsequent records show ‘ the resistant bodies’ 
of Donovan in the spleen smeai s The disease wms then looked upon as ‘pro 
plasf)Wiis’ Donovan, lion ever, emphasized the diftereuce between these bodies 
and tiypanosomes wutb which they were originally confused There are a fev 
records showing tlie fatal lesults of spleen puncture in its early days The spleen 
in this disease often show'ed considerable enlargement, this enlaigement was 
generally soft the capsule was tense and stretched, the cut surface was bulging and 
‘ glazed ’ and had a violet or reddish violet colour which is characteristic Capsular 
changes, I have indicated, were present in a greater propoztion of cases in Jladras 

than in Bengal, piobably owing to the greater chronicity of the t)q)es met with here 

Histologically, the picture is one of hypeiplasia of the littoral cells limng the sinuses 
which are stuffed with parasites "We have a typical mstance of a disease affecting 
the retiGulo-endothelial system, a reticulo-endothehosis, the ‘ sinus reticulosis of 
Ross (1933) and other modern writers 


Enlaigement due to malarial infection occurred in 124 cases The appearance 
of the spleen was usually distinctive With attacks of malarial fevei sufficient to 
cause enlargement, the pulp became altered lu colour from a dark broun to grcjisn 
brown, slaty grey, almost a dark grey, and sometimes tarry black However, i 
one were to attempt to assess the incidence of malarial enlargement manv factors 
would have to be considered Malaria had been looked upon as the ouc cause o 
splenic enlaigement m India, till kala-azar was recognized and separated as a dis me 
entity The view is now gainmg ground that types of splemc enlargement tiia 
recoumzed in Europe may be equally common here and one is no long'W con ei 


views 


gnized in Europe may be equally common here and one is no iong'W co ^ 
a diagnosis of chronic malaria to explain these enlarged spleens . 

s exist, however, even to-dai’' Tirumuxti and Radhalcrishna Eao (19oo) po 


only 6 5' per cent from autopsy records in Calcutta HugJies ana Dnrn.iM. ^ 
report, hVwever, a high incideuce of malaiial spleen in Lahore The ,i 

based on me history of repeated attacks of malaria Hughes (1933) rcco 
finding of malarial changes m the spleen, though parasites are not iouik 
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Wool ail'll no signs of active malaiia are present Connor (1933), in analysis of the 
figures from Bambar, Calcutta^and Rangoon, postulates the existence of a group 
of postmabrnl and possibh post-kala-azar t 3 ^es of splenomegalj , vheie malaria 
or kah-azar miglit be legarded as having only imtiated changes in the spleen 

The follouing case is an instance oi this type for which I am indebted to m} 
colleague Dr 0 R Knshnaswam)' of the Royapmam Hospital for permission 
to cite 

The patient, \ L , a Hindu iroman ot about tlurta j eats, n as admitted to the R o\ apuram Hospital 
on Gth \ovember 1933 for a chromcallj enlarged spleen uath anaemia She was a niultipara bad 
three children all hea' hv There was no histori of niiscamage She had been getting profuse 
periods for the last four years There had been enlargement of the abdomen and antmia 

The patient denied a lustora of fever There was no historv ot Bjphihs She complained of 
weakneia m the h inds and legs and par-esthesia Fxamination revealed an enlarged hard, spleen 
reachins un to the lev el ot f he umbiheus The ha er was not enlarged and there w as no i nlargement 
of the hinphatie glands There was marked pallor, slight pufSness of the face and slight pigvnenta 
tion ot the palms and soles The heart was normal except for a soft svstohe mnrmur at the pulnionan 
area The lungs were healthy The pupils were sluggish to light on both aides , the knee jerl s were 
brisk and the plantar response normal The haemoglobin was 55 per cent, R B C count 3,050 000 , 
colour index 0 9 , diSercutial leucocvtc count showed polymorphs 65 per cent , hmp’iocvtes 15 per 
cent monoovtcs 5 per cent, eosinophiles 15 per cent, basophiles 1 per cent , no malarial pigment in 
the leueocjdes no malanal parasites , fragdita test-h-emoh sis complete 0 3 per cent almost complete 
0 4 per cent, normal limits van den Bergh reaction negative, direct and indirect H asserniann 
reaction strong positiic Kahn reaction positive spleen puncture was done bv Dr C R Ixnshnn 
swamv on 13th November, 1933 Examination of the smears showed no parasites, hut malanal pig 
ment giving the reactions of h-emozom The coaguU‘ion time was 6 mmntes , stools showed hook 
worm ova and c\ sts of € coU iinne showed no abnorinabty 

lu this case tlie demonstration of malarial pigment m the spleen smeai is 
conclusne evidence of old malarial infection The negative historv of malarial 
fever and the absence of parasites m the blood indicate, either that the patient had 
suffered at one tune from malaria, that the attacks vere mild and not noticed, 
but that gradually this infection had died down and that some other contributon 
factor was responsible for the splemc enlargement, or it may be that the malaria 
vas latent but smouldeimg, with parasitic multiplication too slight to produce 
evidence m the blood or affect the temperature chart The strongly positive 
Wassermann and Kahn reactions, if taken as indicative of syphilitic infection, 
would supply the contributory factor 

To decide whether a splemc enlargement is really due to malaria, the pathologist 
has to go by definite criteria before these divergent views could be settled The 
factors that have to be considered are (a) the morphology of the spleen especiallj’^ 
with regard to colour changes of the pulp, (6) the occurrence of perisplenitis, 

(c) the microscopic demonstration of parasites or pigment m the spleen and hver' 

(d) histochemical tests by which tins pigment could be recognized as hiemozoin It 
is true, malarial pigment can be distinguished from hEemosiderm by its colour and 
by the absence of the pnissian blue reaction Brown granules of "htematoidm are 
sometimes met with m the spleen and difficult to distinguish Hfemozom however 
la dissolved by ammomum sulphide while blood pigments are blackened Unstained 
sections sliould alw ays be examined under the microscope with a drop of ammomimi 
sulphide under a cover shp, when the gradual solution of the pigment can be watched 
An examination of sections of the liver is also of equal importance in all cases of 
splenic enlargement— smee the picture here is much less confusmg— the littoral 
cells of von Kupffer being the phagocytes of malarial pigment 
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Geoup VI 

Uncommon tii>es op splenic enlargement Total cases 47 
A Chrome j^oito^iihs, ^xnthepaUks, 27ons2}hmt7s 

Theie were four cases of tlie Coucato syndrome witli extensi\e hyaloserositis 
involving tlie scions surfaces of the peritoneum, the mesenter} , the intestnies, tlie 
liver and the spleen Slight splenic enlargement was present in all the four cases 
Only one of these cases really corresponded to the polyserositis of Concato nitli 
involvement of the pleura, peritoneum and peiicardium In the other three the 
changes were confined to the peritoneal cavity These corresponded to those 
cases of chronic superior peritonitis desciilied by Sprawson (1921), the ‘ endemic 
ascites ’ of Megaw (1921) , but there veie no dysenteric lesions m the intestme 
In one case of my own, v here the lesions were critically studied, the setiological 
factor was obscure There was nothing to indicate antecedent syphilis or tuber 
culosis , there were no lesions in the stomach, intestine, appendix, or gall-bladder 
The Wassermanu reaction, however, was not tested 

B Enlaigemenl associated iviih jaundice 

There were four cases of well-defined enlargement associated with jaundice, 
the enlargement being moderate in three and marked in one 

G Enlargement with pimaiy caicinoma of the liver. 

The high incidence of primary caremoma of the bver has been noted by Eogers 
(1925) m Calcutta and by Basu and Vasudevan (1929) in South India The large 
proportion of splenic enlargement in these cases has hitherto been overlooked 

Out of 22 cases recorded 15 showed slight enlargement, six showed moderate 
enlargement and one case marked enlargement Cappell (1923) has drawn attention 
to the presence of cell emboli in the spleen in many cases of tumour growth, 
secondary deposits however do not occur, as a rule, because the spleen has the 
function of destroying these cells The splenic enlargement that was met with in 
primary carcinoma of the liver may be of a reactive nature snnilar to the condition 
met with in cirrhosis The enlargement was generally slight, the pulp was rather 
firm, but distinctly hyperplastic, fibiotic changes being slight Small soft win e 
nodules were met with m the spleen in two of these cases, but histological detais 
are wantmg 


D Enlaigement with other types of malignant disease 

• One case of thyroid carcinoma showed slight enlargement, and the 
was met wuth in two cases of epithelioma, one mvolving the tongue and . 

cheek Primary carcinoma of the colon and of the rectum were responsible ® 
oases Enlargement of the spleen secondary to lymphosarcoma is a we - 
condition, the spleen being part of the lisematopoietic system i> e Have 
mstaaces on reoord. one gelng due to lymphoLeoma 
other of the intestine One case of sarcoma of the kidney also showed o 
In none of thest| cases were secondary nodules met with The on y 
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secondary gro'^vtli was in a case of mycosis fvngoides already reported (Basu, 
Bliaskara Menon and Pandalai, T929) There were multiple tomato-like tumours 
on tlie slcin and death had occurred as a result of ^ iscerahzation 


E Enlargement due to liydahd disease 

There are two instances in these records of enlargement due to hydatid disease 
In both cases the enlargement was extreme the spleen weighmg over 3,000 g In 
both cases this was secondary to multiple hydatids in the peritoneal cavity 


F Enlargement due to follicle hjper 2 }lasia 

Two cases are on record of this condition, which was first described by Brill, 
Baehr and Eosenthal (1925), as ‘ giant lymph follicle hyperplasia ’ and by subse- 
quent writers as instances of ‘ reticulosis ’ In these two cases on record the spleen 
showed slig ht enlargement The cut surface showed numerous, white sago-bke 
bodies scattered throughout the pulp These did not give the staimng reactions 
of amyloid natural and were enlarged lymph follicles No description exists 
regar ding the changes m the lymphatic glands Histological details are meagre 
so that it IS not possible to classify these any further In one case congenital 
cystic kidneys were also present 

G Splenic enlargement loitli amyloid deposit 

There are three mstances of amyloidosis in two of which syphibs was 
the ffitiological factor 


E Enlargement with hpoid deposits 

There is one recent instance in my personal series of lipoid deposit in the spleen, 
which does not correspond to any of the w ell-known types described in Europe 
The deposits occurred m a case of hsemangioma of the adrenal gland This was a 
case of diabetes The spleen was enlarged and there were two small irregular areas, 
each of the size of a small pea at the upper pole, one in the capsule, and the other in 
the pulp 0 5 cm below There were co-existing caseous foci in the spleen and other 
signs of tertiary syphilis The nodules were of a yellow-ochre colour resembhng 
in the appearance the cortical adenomas of the adrenal A scar from the capsule 
passed down into the substance of the gland, and around this there w ere mmute, 
yeUow, irregular areas of the same deposit Histologically, foamy degeneration 
of the cells with faint striations, such as is met with in the Gaucher type, was met 
with The deposit was localized to the^e spots Frozen sections showed that the 
lipoid material was amsotropic and easily stained with Sudan III Some of the 
littoral cells in the pulp also showed slight deposit, but the cells were not much 
enlarged I take this as an instance of localized bpoid storage in the spleen probably 
of a compensatorv nature owing to the derangement of the adrenal cortex on the 
same side The case is being reported elsewhere Diabetic lipiemia, it is true 
may give rise to generalized lipoidosis, but in this instance there was a localized 
deposit at the upper pole 
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Sflemc Enlmgement in South India 


Table I 


Showing cases of enlargement of the spleen due to diseases 
of the hannatopoietic system 

Series I — lienheemia 


Post-mortem 

number 

Date 

Weight, 

oz 

Cause of death 

G42 

2-4-07 ^ 

36 , 

Liver 79 oz , rupture aneurysm 

698 

j 8-9-07 

I 

72 

Myeloid leukemia 

271 

12-Vll 

I 

64 

Liver 64 oz , leuksemia 

379 

! 4-11-11 

64 

Leuktemia, 

1328 

5-4-19 

74 

Leuksemia , intrapentoneal hssmor 
rhnge 


0-8-25 

40 

Myeloid leukaemia 


10-4-25 

40 

Myeloid leuksemia. 

2010 

iO-9-26 

168 

Leukcemia , bronchopnenmonia , 
liver 122 oz 

2284 

19-3-28 

19 

Myeloid leuk'emia 


Total number of cases 9 

Extreme enlaigement 7 

Marked enlargement . 1 

Moderate enlargement .. .. 1 


Series II — ^Ancylostomiasis 


Post-mortem 

number 

Date 

j 

Weight, 

07 

1 

1 Cause of death 

1 

111 

6-8-07 

0 

Ancylostomiasis 

196 

5-10-09 

17 

Anoyloatomiasis 

714 

22-v8-13 

8 

Ancylostomiasis 

1938 

6-8-25 

11 

Ancylostomiasis 

2080 

28-3-27 

10 j 

Ancylostomiasis 


Total number of cases ^ 

Slight enlargement ^ . 

Enlargement due to malana 2 (not included in this senes) 
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Series III — Unspeci^d type of ansemia 


P ost-mortem 
number 

Date 

Wejglit, 

02 

Cause of death 

17 ' 

24-2-95 

9 

Antemia 

236 

28-11-04 

12 

Anrenua 

781 

13-2-14 

8 

Anremia 


Total number of cases „ _ 3 


Series IV — Pernicious ansemia 


Post-mortem 

number 

Date 

Weight, 

07 

Cause of death 

667 

27-7-07 

18 

Pernicious anemia 

1130 

24-1-17 

8 

Permcioup anremia 

1143 

3-1-1 S 

11 

Pernicious amemia 

1144 

5-1-18 

12 

Pernicious aniemia 

1180 

4-5-18 

20 

Pernicious ansmia 

1712 

1-2-23 

8 

Pernicious ansemia 

270 

28-10-12 

16 

Pemicious" an'emia 


Total number of cases 
Slight enlargement 
lloderateenlargement 


7 

6 

2 
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T.(lll II 


hliOving casrh of adn 

■rgai n i of syiun due lo Jala am 

Post-mortcra 

nunibe* 

Date 

t 

J 

O'" 

Cat*' of d‘‘3th 1 

^ CspukrcL, 

' c*k t 

i 

i 

181 

£-8-05 

21 

Kala-trar 

' CaisrielLir’ 

IS2 


3? 

Kala 333', j*'*' r onn 

Cs jetile tl'L ' 

19G 

£-0-4(4 

15* 

Ko's-ar-a” 

1 

^ P€rq!'eii.L 

£01 


i 

Kela-ttrar 

Penrp’onii'- 

£41 

D-l£-04 

^0 

Kala r.ar.- , t a 

Caicri* till 

455 

S-1-4>3 

10 

Ka’a 'izs', carc*TirQ on? 


459 

15-3-00 

15 

Kc'a-aar* (p roj'’am:o‘t=) 

' Cajsds th 1" ' 

4G3 

23-3-00 

Xot 1 DOVU 

Eala aas' 

I Pen^tot 

4G9 

10-4-OG 

17 

Kala-aaar 

! Pen p’emh. 

Vn- 1 

10-4-OG 

17 

Eala-aa.tr 


1 

14-4-OG 

36 

Kala aaar av-on*e-v 

Capsalf filth t’ 

1 

1 4-5-4.'0 

37 

Eala-ara*, aa-enlcrr 


1 

10-5-06 

17 

Eah aaar cvs'.ntcrt 

Pemplemtu 

m 

25-5-OG 

£0 

Eala arar , cys"* iten 


m 

i in-S-OG 

10 

Knla arar I 


Jf 

25-8-00 

III 

Kala-arar j 

1 

1 

1 

[ 

« 

£3-9-00 

4vl 

1 

Kali-ar.ar drc'cterr 1 

[ 

s 

10-10-0t< 

5£ 

Kala-a-ar dv?''rterv 



24-1-07 

£5 

li" 

Kal- ' 


618 

2-2-07 





640 1 

23^0-07 

9 

AHoylostomiasis 



5-10-09 

17 

Ancylostomiasis 


714 

22-8-13 

8 

Ancylostomiasis 


1938 

6-8-25 

11 

Anoyl ostomiasis 


2080 

28-" 

10 

Ancylostomiasis 



6 


ninna 2 (not jncluded m this senes) 
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Table II — contd 


Post-mortem 

Humber 

Date 

■Weight, 

02 

' 1 

Caiisc of death j 

1 ' 

Capsular changes , 
other lesions 

696 

30-8-4)7 

24 j 

Kala azar', dyaentory 


722 

4-11-07 

30 

Kala azar , dj sentcry 


730 

1 

38 

1 

Kala azar , dysentorv 


742 

7 1-OS 

i 

Kala azar 


759 

8-2-Ob 

20 ’ 

I 

Kala azar , dysentery 

Pensplemtis 

77^ 

23-2-OS 

Not known 

1 Kala azar, dysentery 

Pensplemtis 


14-4-OS 

‘ 19 

Kala azar 



25-5-08 

28 

Kala azar 


' 

S-S-OS 

18 

‘ Kala azar 



19-8-OS 

22 

1 Kala azar , nephritis 


iO 

24-S-OS 

24 

1 Kala azar , dysentery 


i71 

19-9-03 

25 

' Kala azaT , pneumonia 


876 

20-9-08 

33 

^ Kala azar , dysentery 


888 

12-lO-OS 

I 13 

1 Kala azar 


898 

22-lO-OS 

17 

1 

Kala azar, bronchopneuraouia 


914 

8-11-08 

1 34 

1 Kala azar , dysentery 


924 

19-11-08 

' 24 

Kala azar , dyscnteir 


929 

29-11-08 

1 32 

Kala azar , pneumonia 


951 

29-12-08 

! 

23 

Kala azar , bronchopneuraoma 


22 

1-2-09 

t 

1 Kala azar 


29 

13-2-09 

! 34 

i 

Kala azar 


61 

22-3-09 

14 

1 

Kala azar , myocardial degene 
ration 

Perisplenitis 

68 

16-4-<')9 

I 

31 1 

Kala azar , cancmm ons 

Capsule thickened 

75 

] 7-5-09 

1 48 

! 

Kala azar, nepnntis 


76 

' 7-6-09 

( 

1 “ 

Kala azar 


120 

30-6-09 

18 

Kala azar 


136 

17-7-09 

oq 

, -9 1 

Kala azar, dysentery 
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Table II — contd 


Post-mortem 

number 

Date 

Weiglit, 

oz 

Cause of death 

Capsular changes, 
other lesions 

137 

18-7-09 

16 

Kalo-azar, dysentery 


142 

27-7-09 

12 

Kala azar , amoebic dysenterv 


144 

20-7-09 

11 

Kala azar , pneumonia 


157 

12-8-09 

17 

Kola azar , perisplemtis 


20i 

20-10-09 

34 

Kala azar , lobar pneuraoma 


215 

6-10-09 

26 

Knla-azar 


218 

8-11-09 

18 

Kala-azar, lobar pneumonu 


28 

8-2-10 

33 

Kala azar , lobar pneumonia 


79 

29-4-10 

18 

Kala azar , acute yellow 

Wlute mfarct 




atrophy 

! 

83 

6-6-10 

48 

Kala azar , dysentery 


106 

4-7-10 

12 

Kala azar , dysentery 


114 

18-7-10 

48 

' Kala-azar 

1 


138 

i 

153 

24-8-10 

62 

Kala-azar 

Liver 81 oz 

20-9-10 

46 

Kala azar , pneumonia 

Capsule thichencd 

168 

23-9-10 

36 

, Kala azar | 

Liver 79 oz , ifr 
gular cirrhosis 

163 

27-9-10 

16 

i Kala azar , amoebic dysentery 


165 

4r-10-10 

80 

Kala-azar, pneumonia 


166 

6-10-10 

24 

Kala azar , heart failure , 

Capsule thickened 


1 

1 


jjneiimania | 


186 

14-11-10 

26 

Kala azar , dysentery 


325 

8-8-11 

16 

Kala-azar, dysentery 


347 

19-9-11 

62 

Kala azar , dysentery 1 


348 

21-9-11 

30 

Kala azar , dysentery 


434 

22-1-12 

42 

Kala azar 

Liver 64 07 

441 

2-2-12 

16 

Kala azar 


453 

12-2-12 

knoun 

Kala azar 


457 

20-2-12 

Not known 

Kala azar , bacillary dysentery 


474 

6-3-12 

16 

Kala azar, dysentery 

■ ■ 
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Table II — confd 


Post-mortem 

number 

Date 

Weight* 

oz 

Cause of death j 

Capsular changes, 
other lesions 

m 

12-S-I2 

17 

Kala azar 


378 

29-10-11 

24 

S.ala azar 


389 

13-11-11 

23 

Kala azar , bronohopnoumoma 

Perisplemtis 

399 

23-1 1-n 

18 

Kala azar 


404 

2-12-11 

26 

I Kala azar , pnenmoma 


619 

29-5-12 

20 

Kala azar 


540 

28-7-12 

20 

Kala azar , dysentery 


560 

21-S-12 

18 

Kala azar , dysentery 


6S8 

19-10-12 

11 

Kala azar , cancrnm ons 


689 

1-1-13 

29 

Kala azar 

Liver 58 oz 

611 

5-12-12 

24 

1 

Kala azar 

Liver 48 oz , cirrho 
BIS , pensplemtis 

644 

3-2-12 

23 

Kola azar 


660 

23-3-13 1 

24 1 

Kala azar 

Liver 64 oz 

665 

31-3-13 1 

22 i 

Kala azar , anajnna 

Pensplemtis 

788 

3-3-14 

35 

Kala azar , pnenmoma 

Capsule thickened 

797 

17-3-14 

18 

Kala azar , bronchopneumonia 


SOS 

31-3-14 

36 , 

Kala azar, bronchopneumonia ^ 


SIO 

3-^14 

18 

Kala azar 


699 

15-7-13 

32 

Kala azar 

Old infarcts 

701 

24-7-13 

16 

Kala azar \ 

Laver 36 oz , cirrhosis 

703 

26-7-13 

40 

Kala azar 

Liver 78 oz 

706 

30-7-13 

32 

Kala azar 


707 

5-8-13 

24 

Kaln. aZQT 


713 

25-S-13 

12 

Kala azar, cancrnm ons 


777 

10-2-14 

28 

Kala azar 


841 

22-7-14 

48 

Kala azar, hronohopneomonia 

Capsule thickened 

855 

22-8-14 

334 

Kala azar , bronchopneTunonia 

Capsnle thickened 

8S2 

2-11-14 

26 

Kala azar , hronchopneuinoiiia 

Capsnle thickened 
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Table II — condd 


Post-mortem 

number 

1 

Date 

Weight, 

07 

Cause of death 

Capsular changes, 
other lesions 

892 1 

1 

10-12-14 

28 

Kala azar , necrosis of jaw 


906 

19-1-16 

37 

Kala-azar, pneumonia 


908 

22-1-16 

22 

Kalft-azar 


933 

16-4-16 

1 

46 

Kala azar , tuberculosis 

Perjsplenitia 

957 

16-9-16 

151 

Kala azar 


973 

1-11-16 

24 

Kala azar , lobar pneumonia 

Pensplenitis 

991 

2-2-16 

24 

Kala azar 


1001 

2-3-16 

17 

Kala azar , cancrum oris 


1001 1 

15-3-17 

46 

Kala azar , pneumonia 

Capsiiie thickened 

1067 ' 

6-5-17 

1 

21 

Kala azar , anaimia 


1100 

17-8-17 

30 

Kala azar pneumonia 1 

Capsule tiiirJ cncd. 

1155 

6-2-18 

10 

Kala azar 


1208 

15-7-18 

25 i 

Kala azar 


12bl 

19-10-18 

40 

1 

Kala-azar 

Infarcts, cirrhosis, 

smear positive « 
capsule thichciicd 

1289 

14r-I2-I8 

41 

Kala azar 


1651 

30-8-22 

37 

Kala azar , cancrum oris 


1746 

16-6-23 

16 

Kala azar 


1707 

20-8-23 

18 

Kala azar , 


1771 

31-8-23 

21 

Kala-azar 


1777 

22-9-23 

50 

Kala azar 


1813 

28-7-24 

30 

Kala azar 

' Capsule thickened 

1840 

4-9-24 

22 

Kala azar 


1900 

' 3-3-25 

8 

Kala azar 


2236 

20-12-27 

20 

Kala-azar , bronchopneumonia 

Perisplenitis 

2334 

20-12-27 

20 

Kala azar 

Capsule thickened 

2609 

14-12-29 

24 

Kala-azar 



This table shows only 135 cases of Kala azar from the Madras General Hospita , 
cases from the Government Royapnram Hospital are not shown here 
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Table III 


Showing enlaigcinent of the spleen due to syphilis 


Serial 

No 

Post-mortem 

number 

Date 

Weight, 

oz 

Cause of death 

1 

101 

13-8-32 

11 

Syphihs , gumma spleen 

2 

172 

20-7-9S 

16 

Syphilis, tertiary 

3 

277 1 

9-12-00 

11 

Syphilis 

i 

242 1 

8-12-04 

8 

Syphilitic cirrhosis , mfnrct 

5 

941 1 

11-12-08 

10 

Syphilis , gumma liver 

6 

32 

21-2-08 

8 

Svphilis , gumma heart 

7 

120 

26-7-10 

10 

Syphilis, aneurysm of aorta 

is 

101 

23-6-10 

14 

Syphilitic pentomtis 

9 1 

100 

30-8-00 

26 

Gnmma liver, dysentery 

10 

239 

5-4-11 

21 

Syphibs , gumma liver 

11 

G 

8-1-10 

12 

Syphilis , aneurysm of aorla 

12 

478 

11-3-12 

16 

Syphilitic cirrhosis 

13 

470 

5-3-12 

12 

Gumma spleen , gumma brain 

14 

657 

1S-V13 


Svpbilitio cirrhosis , liver 

n 

830 

27-5-14 

14 

Syphilis , gumma spleen 

lb 

092 

2-2-16 

8 

Svphihs , gumma heart 

17 

1004 

20-3-16 

14 

Gumma spleen , early syphditic 

1 cirrhosis 

IS 

1503 

22-2-21 

8 

Syphilis 

19 

2057 

13-2-27 


Gumma spleen, gumma hver 

20 

678 

10-5-13 

12 

Syplulis , gumma of spleen , 
aneurism 


Total TiTimber of cases 
Slight enlargement 
Jlarked enlargement 
Weight not known 


20 

17 

2 

1 
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Table IV 


Showing splenic enlargement due to primary carcinoma of the hv& 


Serial 

No 

Post mortem 
number 

Date 

Weight, 

oz 

Descnption 

1 

46 

23-12-89 

24 


2 

35 

21-5-94 

00 


3 

79 

19-12-24 

15 


4 

93 

18-12-95 

10 


6 

160 

11-6-98 

17 


G 

34 

26 2-09 

44 


7 

39 

7-3-09 

12 


8 

234 

14-12-09 

16 


9 

222 

12-]-] 1 

8 


10 

787 

2-3-14 

21 


11 

619 

15-12-12 

18 


12 

794 

14-3-14 

14 


13 

668 

4-4-13 

16 


14 

806 

27-3-14 

11 


16 

733 

27-11-13 

9 


16 

1637 

10-8-22 

17 


17 

1856 

1 5-10-26 

8 


18 

2007 

30-9-26 

20 


19 

2009 

9-3-27 

12 


20 

2337 

30-6-28 

24 


21 

2362 

13-8-28 

16 


22 

2401 

9-10-28 

24 



Total number of cases 
Slight enlargement 
Moderate enlargement 
Marked enlargement 
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Table V 


Showing sjAcmc enlargement of indefinite eausatwn The attempted 
classification of these eases is shoivn 


1 

Senal | 
No 

Post-mortem 
number 1 

Dite 

\\ eight, 
oz 

1 

Appearames of 
spleen 

Cause of death and 
complications 



Series I — (Unrecognized kala-i 

azai) 

1 j 

10 

20-2-94 

36 

Capsule sbgbth 

thickened 

J Kala azar (unrecogmzed) 


40 

26-6-94 

37 

Capsule thickened 

? Kala azar , cancrum ons 

(unrecognized) 

3 

IS 

2S-2-95 

24 

Perisplenitis i 

** Kala azar (unrecognized) , 
pneumonia 

i 

2b , 

16-4-95 1 

24 


j ? Kala azar (unrecognized) , 

pneumonia 

5 

7 i 

, 

4-2-96 

24 

i 

? Kala azar (unxecognized) , 

pneumonia 

6 

62 

1 

31-12-96 

1 

2G 

i 

1 

T Kala azar (unrecognized) , 

liver 96 oz 

7 

179 

14-9-98 

38 

1 

? Kala azar (unrecognized) , 

ulcer oesophagus 

8 

275 

1 2-4-02 

27 

No malanie parasite 

? Kala azar 

9 

2S2 

13-11-02 

1 

Adherent capsule 

? Kala azar (unrecognized) 

10 

276 

2-11-02 

27 

Thickened capsule 

? Kala azar (unrecognized) , 

cancrum ona 

11 

272 

31-10-02 

37 

Perisplenitis 

7 Kala azar (bacillary dysentery) 

12 

332 

7-4-03 

1 40 


i ? Kala azar (unrecognized) 

13 

336 

24-4-03 

1 40 


J ? Kala azar (unrecognized) 

14 

20 

27-8-03 

j dO"' 

Perisplenitis 

j 1 Kala azar (unrecognized) , liver 
' 70 oz 


Series II 


I 

223 1 

15-1-11 1 

34 , 

1 i 

Enlarged , soft j 

CEdema larynx , liver 74 oz , 
? kala azar , no parasite fonnd 

2 

403 1 

3-12-11 1 

CO 

1 Soft, chocolate 

1 

Pneumonia , liver 66 oz , 

’ kala azar 

3 

523 

11-6-12 

24 

1 

Decomposed no 

1 parasite or pig 
ment 

i 

Liver 83 oz , ? Lala azar 
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Table V — contd 


Serial 

Post raorloin 

Date 

Weight, 

Appearances of 

Cause of death and 

No 

number 

oz 

spleen 

complications 


Series II — conid 


4 

540 

22-7-12 

20 

i 

i 

Soft , no L D or 
pigment 

1 Liror 64 oz , 

1 

) 

? kala azar 

5 

581 

7-10-12 

23 

No pigment or para 
sites 

I 

j Liver 54 oz , 

? kala azar 


Series III 


1 1 

i 

i 

[ 461 1 

24-2f-12 i 

I i 

68 

Fibrosed , thick 

capsule 

Irregular cirrhosis , no parasite 
or pigment , liver 68 oz 

2 

960 

18-9-15 ' 

81 

i 

1 

Perisplenitis', mfarct 

Early cirrhosis , no parasite or 
pigment, liver 84 oz 

3 j 

. 356 

1 i 

30-9-11 

72 

Soft 

Slight cirrhosis, pneumonia, 
liver 64 oz 




Series IV 


1 

1 81 

j 27-12-93 

104 

Grey, pink 

Pulmonary infarction , 

120 oz , leukmniia 





Series V 


1 

48 

19-9-93 

46 

Soft, dark 1 

? Malana— Acute '’"‘‘‘L’ 

arthntis, endocarditis and 
penoarditis 

2 

756 

1-2-08 

28 

1 

Dark, fibrosed 1 

7 Malana , rabies 




Series VI 

Peritonitis , abscess near spleo 

1 

i 1081 

1 18-6-17 j 

1 30 1 

Soft i 


1 9lV 


Series VII 


1 

1 6-11-08 

} 

j 24 

1 Ponsplenitis , infarct 

1 Anmmia, 7 splemc nnsnufl 
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Table V — conoid 


Senal 

No 

m 

Date 

Weight, 

oz 

Appearances of 
spleen 

Cause of death and 
comphcations 




Series VIII 


1 


7-7-21 

34 

Soft , no fibrosu , 
perisplenitis | 

Acute meningitis 

2 

79 

14-11-22 

30 

Soft, no fibrosis 

Chrome pulmonary tuber 

culosis 

3 

154 1 

14r-S-31 

33 

Soft, no fibrosis 

Chrome pulmonary tuber 

culosis 

4 

644 1 

15-4-07 

32 

Soft , no fibrosis , ' 
perisplenitis ' 

Chrome pulmonaiy tuber 

culosis 

5 

233 

17-3-02 

40 

Soft , no fibrosis 

Liver 72 02 , pentomtis , amoebic 
dysentery , ’ post kala azar , 
bronebopneumoma 

6 

94 

1-6-09 

32 

Firm , fibro-ied 

Bronchopneumonia 

7 

194 

1 3-10-09 

38 

Soft , capsule thick 
smears negative 

Acute nephritis , gangrenous 
appendicitis 

s 

439 

30-1-12 

26 1 

Fibrosed 

Liver 70 oz , cerebral abscess , 
pneomoDia 

9 

663 

27-3-13 

20 

Perisplenitis, no 
pigmentation 

Dysentery 

10 

784 

21-12-14 

31 

No pigmentation 

Amcebic dysentery 

11 

1321 

10-3-19 

44 

Chocolate colour , 
pensplemtis 

Liver 60 oz , lobar pnenmoDia 

12 

1406 

6-1-20 

40 

Chocolate colour , 
perisplenitis 

,^Mitral stenosis 

13 

1492 

27-12-20 

36 

Soft 

Lobar pneumoma 

14 

1618 

6-7-22 

67 

Firm , no pigment 

Liver 84 oz , pensplemtis iobar 
pneumonia 

15 

1831 

25-8-24 

38 

Fibrosed , no pig 
ment penspleni 
tis 

Lobar pnenmoma 

16 

1932 

11-9-25 

36 

Soft, no fibrosis 

Bronchopneumonia 

17 

2026 

28-11-26 

32 

Firm 

Tuberculous arthritis 

IS 

2513 

23-5-29 

30 

Firm 

Amcebic dysentery 


Total number of cases 

45 

Moderate enlargement 

25 

Marked enlargement 

16 

Extreme enlargement 

6 
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RAT-FLEA SUR^^Y OF PEERMADE DISTRICT, 
TRAVARCORE 


BY 

MOT IYENGAR, b a , f z s , 
Medical Entomologist, Tramncore State 


[Received for publication, December 27, 1933 ] 


Peermade district in Travancore State forms part of the southern range of 
the Western Ghats and comprises a hiUy country In a large part of the district 
the elevation is 2,000 to 3,000 feet above sea-level, sometimes even more To the 
east of the district there is a precipitous fall mto the Cumbum Valley m hladras 
Presidency, v?hile on the western side the level falls less abruptly The district 
extends from latitude 9°25' N to 9°49' N and from longitude 76°44' E to 77°26' E 
and covers an area of about 450 square miles, part of which is reserve forest The 
cleared area is planted with tea and rubber and to a smaller extent with cardamom 
and cofiee The population is sparse and consists chiefly of_labour engaged on 
the plantations 

Peermade district could be divided into two topographical regions, (a) a 
high-lying region on the east which forms the larger part of the district with an 
elevation usually more than 2,000 feet, and (6) a v estern region comprising the 
foot-hflls and the lower area havmg an elevation ranging from 1,200 feet to 200 
feet above sea-level A Ime drawn north-west to south-east from a pomt about 
two miles to the west of Peermade would divide the district mto the two respective 
regions 


It would appear that there have been sporadic cases of rat plague and 
possibly also of human plague m Peermade district for some years past but 
much attention was not bestowed on the question tdl 1932 when several 
cases of human plague occurred in some estates in the district F Control 
measures were then started and at the same tune, a rat-flea survey' of the 
entire district was taken up with a view to detenmne the rat-flea fauna of the 
mea The survey started m September 1932 and was concluded m March 1933 
Data m regard to the foUowiug pomts were collected (1) mcidence of rodents 
m association mth man and human dweUmgs, (2) flea fauna parasitic on tSse 

( 723 ) 
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rodents, and (3) the distribution and incidence of the different species of rat fleas 
The results of the survey are reported m the present article 


Proceduee 

Rat-traps were set in human habitations in the afternoons and collected 
again on the following mormng Traps containing captured rats were enclosed 
in cloth bags to pi event fleas escaping during transit and were brought to 
a temporary field laboiatoiy After removing the cloth bag, the rat vas 
dropped into a large glass-jar and then killed with chloroform Any stray fleas 
that happened to be sticking to the cl^h bag or to the trap were caught in 
tubes The dead rat after identification was combed and brushed over a 
table covered with wdiite cloth and finally shaken and tapped on the table to 
dislodge any fleas that might still be sticking to it The fleas brushed ofi the 
rat as well as those found sticking to the walls of the glass-jar is ere put 
into specimen tubes noth spirit and kept foi determination The traps Mere then 
washed and aired and the baits renew'ed befoie they were set again Grenerallj 
from 100 to 200 traps irore laid in each locahty 

"Wooden tiaps were used during this survey and they were found to he 
more effective than wire traps An advantage mth this type of rat-trap is 
that it ensures single rat catches which are desirable in flea survey work "^'heu 
more than one rat are caught in a trap, as it often happens m wire traps, there 
IS the likelihood of fleas quitting the hosts during the disturbance caused hy 
rats fighting with one another A further advantage with the wooden trap is 
that as the interior of the trap is dark, the fleas do not leave the host so 
readily as they may do in wire traps 

The survey. 

The survey covered only the inhabited area of Peermade district while forest 
areas were omitted One hundred and thuteen locahties were visited and t e 
total number of tiaps set was 22,471 Two thousand three hundred and snty-iour 
rats were caught of which 2,356 were RaUits laiins, 4 JBandicoia, 3 Mvs an 
Facliyma^ R lattus was the principal rodent associated with human due mg 
m the district 

The fleas collected from these lats and identified numbered 
following nine species of fleas vreie observed duiing the surveys 7 
ckeojizs Roths , X eslza Roths , X hasihensis Baker, SUvahvs ° ^ 

Ctenocephalus felts onenhs Jordan, EcJndnophaga Westv , nrp 

htmalaica Roths , Cemtopliyllus mlginensts J and R , and Fulex z ^ 
Lmn 

The relative mcidence of the different species of fleas and their distribution i 
relation to the respective hosts are furnished m Table I 



*Pi^yitray commonly known as 


the ‘ mush rat ’ is not a rodent 
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From tire pomt of view of ncliness of flea parasites, 2? rattvs seemed to be the 
prmcipal host of rat fleas in Peermade district Bandicoia bad a bigber average 
flea index than R rattus but it was comparatively rare intbe district Xenopsylla 
cheojpis and X asiia were tbe commonest rat fleas CtenocepJiahts and Pw7ea;were 
found only m small numbers on R rattus but it seems likelv that the actual incidence 
of these two species is much higher than the catches off R rattus indicate 
It would appear that they are fairly common in many localities in Peermade 
high-lymg area, but as they spend most of the tune away from the host and 
do not ordinarily stay on the host longer than it is necessary to have a feed 
of blood, they are not represented in any large numbers in collections off 
R rattus They not uncommonly attack man and could be collected by steppmg 
over dirt and debris in dark corners of rooms when they get on to the legs of 
a person By this method the writer obtamed 205 fleas (77 CienocepJialus 
and 128 Pitlex) from a single house in Periyar estate 


Sex PROPoaTioN 

Table II furmshes the relative incidence of males and females of the different 
species of rat fleas collected m Peermade district 

J, MK 
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Tahle it 


Sijecies 

Total 

1 

Males 

Females 

. 

Number 

Percentage 

Number 

Percentage 

X cheopis 

3,048 

1,607 

55 7 

1,351 

44 3 

X aslia 

1,514 

732 

48 3 

7S2 

51 7 

X bra^iheiisii 

48 

29 

60 4 

19 

39 0 

Stivahvs alialce 

553 j 

264 

47 7 

2S9 

52 3 

Clenocephalus felts orienits 

S3 

21 

27 7 1 

1 

GO 

72 3 

Echidnopliaga galhvaccus 

541 

40 

7 4 

501 

02 6 

Leptopsylla htmalatca 

2 

1 

50 0 

1 

50 0 

Ceralophyllvs nilgtneusts 

7 

4 

57 1 

3 

42 9 

Pulex xrriians 

1 

120 

50 

38 8 

70 

fal2 


In regard to five species, namely, Xenopsylla clieopis, X asita, Sdvahits alio 
Ceiafophyllus mlgmensis and Leptopsylla himataica, there was no marhed c 
poition m the incidence of the sexes There was, however, some dispropoi ion 
X hrasihensis m winch 60 4 per cent were males In regard to Ctenocepna ' 
males occnried in small numbers as compared with the females ^ i 

27 7 per cent and the excess of females over males was 44 6 per cent A si 
disproportion was obseivecl in Pulex iiiitavs, the males bemg 38 8 per cen o 
total The disproportion between the number of males and females vas 
striking in the case of EcJndnophago gaUmacens In this species, the naa 
only 7 4 per cent while the incidence of females was disproportionatelv hig h 
92 6 per cent 


Peeriuade high-lying region 

It was mentioned that Peermade district could be divided into 
topographical regions, a liigh-lying region on the east and a lower one 
The former region is hilly, has an elevation geneially more ’ j. on 

has a temperate and a comparatively less humid climate J-he 
the west IS generally less than 1,200 feet m elevation hasa vamer 
humid climate than the eastern area A line drawn in a JN -W 
from neai Murinjapula would divide the area into the two p 

{see Map) 


ihe 


Map) . 

Peermade high-lying region extends from Kuttikanam of 20h 

eastern end of the district The area has an average . 


iiue easttjiii - 

inches at the western boundary and 65 inches on the easn 
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Seventy-seven, localities were surveyed in tins region The rat incidence varied 
considerably and in some localities it was found to be as high as 30 per 100 traps set 
The average rat mcidence based on the rat catch was 9 6 per 100 traps set The 
total number of rat fleas collected u as 4,423 Table III shows the relative mcidence 
of the different species of fleas as represented m these collections — 


Table III 


Species 

I 

1 ^ 

1 

u 

1 ~ 

e ' 1 

1 1 ! 

1 5 

1 1 

Clcnoccplmlus 

►ct 

1 

u 

s’ 

§- 

& 

i 

Cr. 

S' 

1 

H 

Qj 

\iimber 

Perceatage 

1 017 

6S9 

1 

71 7 

» 1 

I G 1 02 

740 

12 2 

1 

70 

1 S 1 

1 541 

12 2 

1 

2 

0 1 

7 

02 

120 

2 9 


Xenopsyllu cheojns compiised a high proportion (69 per cent) of fleas collected 
in the Peermade high-lving region St^^ah‘us and Echdnophago formed 12 2 per 
cent each X asUa was poorly represented and formed only 1 6 per cent Other 
species were comparatively raie An interesting feature of the flea fauna of this 
region is the occurrence of lull species like Ceraiophylhts mlgineitsis and Leptopsylla 
himalaica and of temperate species hke Pulex irntans In India the last 
mentioned species is generall} confined to hillv areas 

The flea index of localities im estigated varied between 0 and 1 0 (avei age 2 9) 
The general flea index is not as important as the specific flea data, namely, mcidence 
of the transmitter species The two important data are (1) the X cTieogyis rate 
(percentage of X cheopis to total fleas) and (2) the R rathis clieopis index (average 
number of X cheopis per rat) Of the two, the latter is the more valuable one as 
the cheopis rate mii often give a wrong unpression For instance preponderance 
of fleas not concerned with plague transmission may unduly lower the cheopis late 
of a locality although the incidence of X cheopis per rat may be high In a snmlar 
manner, sparseness of other fleas may raise the cheopis rate In epidemiological 
studies, the Eattus railus cheopis index furnishes the more rebable information in 
regard to the transmitter factor m plague 

The cheopis rates of the 77 locabties investigated in Peermade high-lym®'’ area 
varied from 0 to 100 and averaged 72 4 per cent The freqiiencv distrilnition of 
locabties with difierent cheopis rates is shown in Table IV 


Table IV 


Ch^opi^ rate 

0-10 

lO-SO 

50-50 

50—70 

70-90 

Over 90 

Xnmber o£ loealihes 

0 

■> 

6 

8 

20 

29 

Percentage 

11 7 

65 

78 

10 4 

26 0 

37 7 
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In 74 per cent of the localities, the cheopis rate -svas Ligher tlian 60 In 16 out 
of 77 localities, the cheopis rate was 100 The results show that inPeeimadelngli 
lying region cJieo 2 ns rates are very high 

Table V fiunishes the frequency distribution of the B laltus c/ieqpis index in 
the localities siuveyed ■ — 


Table V 


Cheopis index 

0 






3 1-40 

4 1-CO 

Over CO 

Number of 
localities 

8 

H 

H 

14 

11 

1 

IG 

12 


1 

Percentage 

10 4 

62 

9 1 

18 2 

143 

20 8 

15 6 

52 

1 3 


In a large proportion of the localities investigated the cheopis index was 
high In 75 per cent of the localities, the cheopis index was higher than 1 0 
and in 43 per cent, it was above 2 0 The highest cheopis index recorded 
here was 10 0 Hirst (1927) considers that a B latius cheopis index of 10 
would seem compatible with the continuous spread of epizootic plague during 
the favourable season From that point of view, 60 loctilities out of 11 
investigated in the Peermade high-lying area have the requisite density of 
X cheopis to cause epizootic plague 


Peermade low^er region 

The western region of Peeimade has an elevation ranging from 1,200 
feet to 200 feet The average annual rainfall is high (160 inches to 200 inches) 
Thirty-six localities were surveyed in this region Seven thousand four hundred 
and tliree traps weie set and 929 lats (R rattus) weie caught The average 
rat incidence is 12 5 per 100 traps set The total number of fleas collected aud 
identified was 1,502 The following fitve species weie observed m this area 
Xenopsylla cheopis, X astia, X biasiliensis, Shvahus alialce and Ctenocepno ns 
fells orientis 

Table VI shows the relative incidence of the difierent species of rat flea"? 
observed in this region 


Table VI 


Specie 1 

X cheopis 

X astia 

1 

X hrasihensis 

Slnalnis 

Ctcnoecplialus 

\ 

Number t 
t \ 

1 

1,443 

41 

13 

4 

Ve^ntags 
4 

01 

96 1 

i 27 

09 

OG 
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Xenopsylla aslm formed tlie bulk of the fleas collected here (96 per cent of the 
total) An mteresting feature of this area was the absence of foiu genera of fleas 
which were observed in the high-lvmg region, namely, Leptopsijlla, GeraiophylluSy 
Piilex and EcJndnophaga Eren more strikmg was the almost total absence of 
X cJicopis, a species that uas found to be abundantly common in the higher area 
Only one specimen out of a total of 1,502 fleas examined from the lower region was 
found to be of this species 

The general flea index m this area varied betu een 0 and 4, averaging 1 6 
In 35 localities out of 36 investigated in the lower region X cheopis was absent and 
in one locality, namclj Peruvanthanam estate, a solitarj specimen of X cheopis 
vas collected The surrey shor.ed that X cheopis was practically absent m the 
Peermade lower region In regard to the high-lymg area, it was mentioned that 60 
localities out of 77 imestigated had the requisite densitj of X cheopis to cause 
epizootic plague In the Peermade lower area, none of the localities investigated 
had the suflicient number or density of X cheopis to cause epizootic plague 


Elea eauaa or the two regions 

The contrast m the flea fauna of the two regions m Peermade districts as 
indeed very stiikmg In the lower region, cold-climate forms like Ceratophyllus, 
Leptopsylla and Pulex v ere absent Siivalius ahalce, which is a hdl species, occurred 
to the extent of 12 2 per cent in the Ingh-lymg region, whereas m the lower region 
it was poorly represented (0 9 per cent) This species was common at elevations 
above 2,500 feet and its mcidence decreased rapidly as one proceeded to lower 
levels It was found m small numbers at 1,000 feet and belov that level it was 
practically absent Xenopsylla brasiliensis had a larger prevalence (2 7 per cent) 
in the lov er region than m the elevated region, where it formed only 0 2 per cent ol 
the total 

The findmgs in regard to the mcidence of Xenopsylla cheopis and X astia in the 
two areas are of interest In the high-ljnng region, X cheopis occurred extensively 
and formed 68 9 per cent of the total catch, while X aslia was obsened m small 
numbers (1 6 per cent) In the lower region on the other hand X cheopis w’as 
almost entirely absent and 96 1 per cent of the fleas were X astia As Hirst (1927) 
says ‘ X astia and X cheopis appear to be adaptedhionomically to distinctly different 
sets of climatic conditions ’, it seemed probable that chmatic conditions w ere 
responsible for the variation m the incidence of X astia and of X cheopis in 
the two regions A astia is evidently not well adapted to the temperate conditions 
prevadmg in the elevated area, and the marked decrease m the incidence of this 
flea m the high-lymg area is probably largely due to this factor 


SUMJIART 

Peermade district could be divided intd two distinct areas havincr difierent flea 
fauna — ° 


r, 7 ^ high-lymg zone with fleas of the temperate climate like 
Pulex, Slivalnis, and Leptopsylla, a high incidence of Xenovsiilla 
comparative sparsity of X astia 


Ceratophyllus, 
cheopis and a 
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2 A lower zone where tempeiaie species were absent, X c//copis was leiy 
rare and the hulk of the fle.i population consisted of X aslui No marLecl difference 
was noticeable in legard to the nature of the population, typeof habitation, or 
species of lat found, which could explain this difference in the flea fauna 


The \vTiter is indebted to Di Karl Jordan for his kindness in determining tiie 
specimens of Stivalnis, Ceratophylhs and Leptopsylla that were sent to him 
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SENSITIZATION AND ANTI-BODY PRODUCTION IN 
GRANULOMA GENITO-INGUINALE 

BY 

N G PAKDALAI, m b , b s , d t m 
Baclenology Deparhnenl, Medical College, 

AND 

V GOVINDAN NAIR, mrcp, fefps, etc, 

Venereologist, King George Hospital, 

Vizagapatam 

[Peoeived for pnbboation, December 27, 1933 ] 

The present investigation was conducted with a view to determine whether 
there is any tissue sensitization or anti-body production in granuloma genito- 
ingiunale [Sja-gramdoma venereum or granuloma inguinale) Originally it was 
started with the hope that a specific skin test could be worked out which would 
find apphcation m the early detection of this distressing disease with its frequent 
devastating sequels It is true that established cases do not give much trouble 
to the clinician, but it is equally true that m places where the disease is endemic, 
cases'are invariably missed in their early stages owing to the existence of a variety of 
other ulcerative conditions of the genitalia without there being any diSerentiating 
features between them This disease is not of uncommon mcidence in the Circars 
of the Madras Presidency as can be inferred fiom the statistics of the King George 
Hospital, Vizagapatam Seventy-five cases, all from the northern districts of the 
province and most of them in an advanced stage, were admitted into this hospital 
during the past three years These experiments to v ork out a simple diagnostic 
test led to a further examination for the presence of any i omplement-fixing 
substance in the blood of the patient, specific to this disease This latter investi- 
gation was undertaken rvuth a purely academic mterest 

Source of material for the antigen — The causative agent of the disease is yet 
unknown and therefore any specific protein that may be sharpening the cell reactivity 
to it can not be directly obtained Passing mention may be made in this connection 
of the tendency of many observers to incriminate the Donovan bodies, constantly 
associated with the disease, as its specific cause Presence mthin the tissue cells 
of organisms other than the ffitiologic is by no means an uncommon findinv m 
stained smears of pathological discharges or tissue ]mces Sometimes the intra- 
cellular bodies associated with granuloma gemto-mgumale do appear like the 

( 731 ) 
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inclufeion bodies clesciibcd in ccitain laius diseases, and one is accordingly tempted 
to consider ivhcther a Aariis aetiology is not likely in tins disease It is assumed 
here that the infecting agent, whatever it be, resides in the tissues involved intlic 
ulcerative process Tissue shavings from the edge of the ulcers from typical cases 
and showing the Donovan bodies v ere utilized throughout these studies as materinl 
from which to prepare the antigen The sores were cleaned by antiseptic washing 
and kept as much free from surface contamination as possible with antiseptic 
dressings for two da 3 ^s, after w^hich pieces of tissue were removed aseptieally into a 
sbeiile petri dish to be utilized as the source of antigen 

Cvlaneous (es(--The tissue thus obtained was mixed with an approxnnatel] 
equal volume of sterile sand, well rubbed up to a paste in a sterile mortar and then 
tiansfeiied to a test tube of suitable size To this was added sterile normal salmt 
in the proportion of 1 c c to a gramme of the tissue, mixing them thoroughly 
the vigoious shaking of the tube for about half a minute Complete sterilization 
was then eftected by heating it in the water-bath at 56°C for one hour on tliiee 
consecutive days It wms subsequently tested for sterility and kept in the 
ice-chest as the stock antigen 

One-tenth c c of the clear slightly opalescent supernatant fluid was injected 
intradermally on the anterioi aspiect of the forearm of the patieut Control 
injections on individuals not sufieiing from the disease were also likewise given 
Both the cases as well as some of the control senes showed varying grades o 
reaction, but in the former it was always much moie pronounced and of a severer 
type Contiol expeiiments with non-granulomatous tissue extract weie not one, 
and it IS piossible that the mild leactions present m some of the norma cases, 
especially when the antigen was comparatively unripe, were due to the ac ion 
certain histamine-like substances present in all tissues particularly the s un a 
known to be able to produce non-specific skm reactions in many indmdua s 

The reaction reached its peak in foui to six hours and remained as such for aj 
equal interval slowly subsiding theieafter It consists of a swellmg a le 
inoculation associated with redness, induration and pain locallj’’ A 
jpatients also complained of some tenderness and pain in the axillary J P 
glands and slight constitutional disturbance The pa m disappeared in a c 
days and the swelling and the induiation in another two days ^ as 
varying stages of treatment as well as completely healed ones gav'^e J 
response (see Table) 


Table 


Spnal 

number 

i Duration of the 
disease 

1 

1 

Time of doing tno 
test in relation to 
treatment 

Result of the 
test 

1 

3 'weeks 

Before 

+ 

2 

21 months 


+ 

3 

11 

During 

-t 

4 

2 years 

After 

+ 



733 


N G Pandalai and V G Nat') 


Table — concM 


Serial 

Duration of the 

Time of doing the 
test in relation to 

Rcbult of the 
test 

number 

di'-easc 

treatment 


n jeare 

Recurrent case, 

-h 


before 


G 

3 months 

Dunng 

+ 

7 

1 month 


+ 

8 

1 „ 

t 

+ 

9 

1 year 


Doubtful 

10 

7 months 

Before 

4 

11 

5 years 

Recurrent case 

-h 


before 


12 

9 months 

During 

+ 

n 1 

8 

tJ 1 

+ 

14 

1 month 

Before 


lo 

6 months 

Dnnng 

-t- 

IG 

2 years 


4 

17 

2 mouths 

Before 

H 

18 



+ 

19 

15 years 

During 

-A 

20 

M „ 

Dunng and after 

4- on both 



healing 

occasions 

21 

2 weeks 

Before 

j_ 

22 

2 month' 

>> 

4- 

23 

1 year 

»» 

4“ 

24 


2 years after heal 

+ 



mg 

+ 

25 

3 years 



Tweuty-five cases weie tested m all duiing a period of six montlis and ith tlie 
same antigen Witliin limits, the older the antigen the less non-specific it appeared 
to be as inferred from the observation that the resulting reaction on controls was 
almost negligible as the antigen became older Although the results in this senes 
are not verv defimte, still there seems to be scope f oi the development of a diagnostic 
intradermal test for this disease by the employment of antigens prepared by 
improved methods The sifting out of early cases of granuloma genito-ingiiinale 
is by no means easy , and the usefulness of the test, if one is satisfactorilv evolved, 
would be m overcoming this difficulty A modified antigen prepared for the 
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complement-fixation test was also tried as the cutaneous antigen nill\ negatne 
results Tlie above experiments tend to demonstrate that the cansatnc agent, 
wbetber protozoal, bacterial, or of a virus nature, does sensitize the body, enhancing 
tbe cell reactivity whatever the degree of such a sensitization be 

Oomplement-fixahon test — Three types of antigen prepared from the same 
source were employed in the test , an alcoholic extract prepared as follows and 
reinforced with cholesterin as in the case of the Wassermann antigen —A weighed 
quantity of tissue obtained as mentioned above wms mixed with sand in a moxfar 
and well ground up Alcohol was added to it to the extent of 10 c c to every 
gramme of the immixcd mateiial and the contents of the mortar were transferred 
to a stoppered bottle It was kept at incubator temperature for three days, 
the bottle being vigorously shaken as often as possible during this period 
Next it was kept in the ice-chest for a fortnight, at the end of which period the 
emulsion was filtered and the filtrate pi eserved in the ice-chest At the tmw oJ 
the test cholesterin was added in the same proportion as in the case of the 
AVassermann antigen, diluting the mixture theieafter with physiological saline 
as necessary The next type of antigen tested was a sahne suspension of the 
deposit left after the evaporation of the pure alcoholic extract The third was 
the salme extract used for the intradermal test Dilutions of 1ml, 1 in 2, 
1 in 4, 1 in 8, 1 in IG, and 1 in 32 were employed in the test None of the antigens 
used evinced any anti-complementary behaviour in these dilutions The usual 
AVassermaim technique wms foUowmd in the conduct of the test and readings 
were taken two to three houis after its completion 

In all, eleven specimens were tested in this wmy at different tunes mcluding 
many normal sera as controls Though all the specunens tested were from frnnh 
typical cases only, there ^Yas no inhibition of haemolysis at any tune except once 
when there was a partial fixation of the complement m the case of one specimeii 
which was also strongly positive for AVasseimann reaction The explanation ol 
this last point is too obvious for any comment In all other cases the compiemeii 
was not fixed It might be argued that the tissue extracts used had not any antigen 
value, but the occurreuce of the positive skin test lends support to the assvinphon 
that the mtiologic agent exists locally in the lesions, and, in tlie absence of an_) 
certain knowdedge about the nature of the offender, the method detailed in 
commumcation seems to be the only w'ay of acquiring any sort of antigen y® 
the above it is not unreasonable to conclude that the infecting agent in gramiomn 
gemlo-inguinale does not stimulate the production of any specific complenicn 
fixing immune body 

COKCLUSION 

Employing extracts of tissue obtained from the ulcers of granuloma 
inguinale the evidence for the occurrence of allergic sensitization of tho 
not unfavourable, while that for the presence of any specific complement-nxmfe < 
body in the blood was negative 
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The very large number of false presumptive positive tests that are encountered 
m routine water analysis, is a serious problem mainly for Ameiican water bacteriol- 
ogists 

Thus, Erost (1906), Creel (1914) and Hall and Ellefson (1918) found a large 
number of spurious presumptive positives in water analysis due to sporulating 
lactose-feimenting amerobes Levine (1920) employmg Ameiican technique 
reported smiilar findings m his work in France Raab (1923) found that anaerobes 
were responsible for 94 per cent of the positive j)resumptivesm Minneapolis vater 
Meader and Ebss (1923) isolated a number of anaerobes from positive lactose broth 
cultures 


Spore-forming aerobes producing false presumptive positive tests have been 
found in water bv A Meyer (1909), E M Meyer (1918), Ewing (1919), and Sohn 
(1924) 

False presumptives due to symbiotic action have been recorded by Sears and 
Putnam (1923) Sohn (1924), Leitch (1925) and Dunham, McCradvand Jordan 
(1925) have demonstrated that gas production, when due to anarobes is the 
result of a symbiotic relationship ’ 

Janrig and Montank (1928), in dealing with filtered and chlorinated water 
samples, were able to obtain in 1927 confirmation in only seven out of 1 878 nre- 
sumptive positive tubes (i e , 0 4 per cent) and in 1928 m not one of 915 sunilL 
presumptive positives 


( 735 ) 
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Lealiy (1930) found that positive presumptive tests for B coh on tlicEoAcstei 
City water between 1928 and 1929 failed to confiim in 61 5 per cent of tie samples 
tested and in 1930 the failure was 100 per cent 

In tlieir attempts to minimize or eliminate this trouble wliicli involved time 
and labour in confirmatoiy technique, Ameiican bacteriologists have tried and 
advocated the use of various dyes and alteiations in pH values of the ennclimcnt 
media In fact, much of the recent American literature on water bacteriolog) 
deals with this aspect of the problem 


Most of the American bacteiiologists have accepted the standard lactose biotli 
as the best medium for preliminary emichment and subsequent sub-cultural con 
firmation in water analysis Jackson (1906), Hale (1916), and Levine (1922), 
howevei, have advocated the use of bile as an inhibitory agent in the ennclimcnt 
medium The absence of bde oi any othei inhibitory agent in the standard 
lactose broth of the Ameiican standaid methods accounts, in oui opinion, fortlic 
very large number of spurious positive tests They are due largely to the asrohic 
and anaerobic, sporulating and non-sporulating lactose fermenters present in most 
•waters and also possibly to bacterial syneigism and s 5 Tnbiosis (Dominick and 
Lauter, 1929) Tliese phenomena have been studied at great length by various 
workers all over the globe Buchhoft el al (1931), in their exhaustive stud} of 
water bacteriology, referred to the spurious tests due to these factois and advocated 
a purihcation method 


They weie probably dealing with cultuies isolated from the standard lacto'^o 
broth (devoid of bile) It is our belief that, if they had employed prelumnar} 
enrichment on a lactose bile medium such as MacConkey’s (contammg 1 5 per cent 
bile-salt), the results would have been different 

Domimck and Lauter (1929) published the lesidts of their successful use of a 
new medium, which was designed to eliminate the false positive presumpbves m 
routine water analysis They claimed certain very definite advantages fort is 
medium, viz — 


{%) by using methylene blue and brom ciesol purple in the new medumi in 
certain dilutions, a definite determination can be reached as to the presence o 
absence of B coh in any water at the end of 24 hours, without the necessity loi an^ 
further confirmation on solid media , 

(^^) in proper proportions, the two dyes give a direct colour change 
through green to yellow) that is produced much more rapidly than the forma 
gas in standard lactose broth and with equally accurate results , 

{i%%) the new medium has been used in their laboratories as a direct 
procedure on all waters with parallel series of standard lactose broth cu 
filtered and chlorinated waters It has given excellent results -with a ^ 
eln-miation of positives due to symbiotic lactose-splitting combinations a 


sporA^orm 


B 

B 


hv) in \ series of readings taken after incubation at 37°C it ''vas 
■)h straii* were able to leach a pH of 5 6 and 5 7 consistently, r of 
B anoqenes Acre unable to reach below 6 8, showing that eon nas „,ulthattbt 
utihzmg the s%ai present at pH 7 1 to a greater degree than that 1= 

buffer action o^he phosphate salts present tends to produce an en 
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more favoiinble to earlier acid and gas production bv coh, and insufficient 
carbohydrate for fermentation bv the other members of the family 

Since the pubbcation of the aboic findings, several other workers have also 
reported on the use of this medium Leahy, Freeman and Katsampes (1931) 
tested 1,116 samples from 358 different sources of u atcr-siipply, using thetuo 
media They found that the total number of samples shoving uas, and the per- 
centage of tubes shoving gas vliich confirmed, vere much higher uith the nev 
medium than vith the standard lactose broth The percentage confirmation for 
standard lactose broth tubes shoving gas in 21 hours v as higher than for tubes 
shovung gas m IS hours, vhcreas the percentage confirmation v ith the Dommick- 
Lauter tubes shovino: gas in 24 and 48 hours vas axiproximatcly the same The 
percentage confirmation for lactose broth increased as pollution of the vater under 
test mcreased, whereas the percentage confirmation for the nev medium remained 
approximately the same Of the total number of samples shoving a positive 
presumptive test 100 per cent of those from the nev medium and onlj 68 7 per cent 
from standard lactose broth confirmed The nev medium v as thus found to be far 
superior to the standard lactose broth (vithout bile) for the detection of B coh in 
water 

McCants (1931) reports very far omrably on the new medium and considers it 
to be quick, reliable and superior to the standard lactose broth He would, 
however, like more work done before final adoption of the nev medium 

Howard (1932) made a comparison of the standard broth with both the 
Homimck-Lauter and the brilliant green bile medium , he found that thebrilbant 
green bde produced 1 4 per cent more confirmed results than lactose broth and 
Dommick-Lauter broth gave 0 7 per cent more than lactose broth in the case of raw 
vater samples In filtered vater samples, the advantage in the matter of con- 
firmation appeared to be with the lactose broth In chlorinated v ater, usmg lactose 
broth, three 24 and twenty-six 48 hours tubes showed fermentation out of which 
only one vas confirmed, i e , 3 4 per cent Brilliant green bile and Domimck-Lauter 
each had only one presumptive positn e in 24 and one in 48 hours of which only 
one, 1 e , 50 per cent, confirmed in each medium Therefore lactose broth would 
appear to show no advantage over Dommick-Lauter broth m dealing vith raw and 
chlorinated vater In unchlorinated filtered water the standard lactose broth 
showed a coh reco%ery rate of 2 4 per cent greater than the other two Howard 
concludes by saying that the success of the Dommick-Lauter medium depends 
on the use of dyes of estabbshed suitabibty, without vhich the medium may be 
of but limited value 

Stewart (1933) refers to the work on this medium carried out at Arkansas by 
Jackson, Hale and himself and concludes that the medium is very promisin<f as 
they have had excellent results in the comparatively small number of samples 
tested 


Kobe and &amer (1933) examined daily 17 samples of settled, appbed filtered 
and chlorinated fimshed water by the standard method and by the Dommick-Lauter 
procedure Seven hundred and sixty-mne samples were thus studied They found 
(«) a close correlation between the results obtained by the two methods on polIuSd 
river v ater, (6) a superiority for the new medium in the case of unfinished waters. 
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and (c) a definite superiontj for the new mednun in the case of finished waters 
The guperionty referred to, lay m the fact that by the Dominick-Laiiter procedure a 
smaller percentage of presumptive positives was obtained, with a larger percentage 
of confirmations, than in the standard method procedure They concluded tkt 
the Dominick-Lauter method as a routine procedure in their laboratory was tk 
best, as being the simplest, quickest and most reliable 

Before proceeding to describe our work, it should be stated that the standard 
methods of the A P H A have not been adopted by us, either for preluninaiy 
enrichment or for subsequent confirmations We consider them to be defective ni 
more respects than one For example, the use of lactose broth without any inhibiton 
agent would result in many false presumptives The confirmation of the presump 
tive positives by morphological and staining characteristics ciZcme, selecting only tiro 
colonies, suspected to be B coh, from the solid medium and passing them again 
through the same lactose broth — without any inhibitory agent— appears to in, 
particularly in the light of Biicbboft’s elaborate purification studies, toheintk 
nature of a very speculative venture Again, this process of confirmation gives no 
differentiation between coli, cerogenes or the mie'i mediates — a distinction vvliicli 
most authorities consider important, except perhaps m the case of fully treated 
waters We therefore make no apology for giving m some detail the^methodb 
adopted in this study 

The sample of water under test is added to MacConlcey’s lactose bile salt 
neutral-red broth and to the new medium, the strength and the quantities ol 
water being shown in the following tables — 


Details of cnltwes in MacConIcey’s medium (as adopted by Clemesha m 
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Dclads of C7ijlu>es ?« Donmiick-Laiiler 7ned'i7n>i 


Number of 
dilution 1 

1 

Strcn,;th of Dominick Lautcr 
medium 

Amount of j 
medium in 
c c 

Water added 
in c c 

1 Number of 
j tubes 

( 

Lactose 

10 g 

1 




1 

Bacto peptone (Difco) 10 g 





1 

K,H PO, 3H 0 

14 3 g 

1 

1 ' 
, 

i 


! 

LH PO, 

2 g 

1 

1 

1 

1 ' 




Distdled water 

2 litres 

1 

' 



A ■! 




)• ’’5 

10 

1 to 3 

I 

I 

j Di'isolve at 50°C 

to 60°C 


1 



1 

Add 1 6 per cent 

ale sol brom cres 


1 

1 


‘ 

purple 4 c c 



1 1 




1 0 per cent aq^ 

sol errthrosui 4 c c 

i 

1 




1 0 per cent aq 

sol niethvlene Wne 






4 c c 





B 

f t* 

ft f 


10 

5 

1 






(10 ' 

1 

C 

Ddute in ratio 

COO 0 c dist w ater 


5 

Joi 

1 


(neutral) to I 

litre brotli A 



lool 

J 


The MacConkey and the Doramick-Lauter tubes are incubated at 37°C 
ex;aniined for acid and gas after 24 and again after 48 hours A record is also made 
of the change of colour m the Dominick-Lauter broth tubes after these periods At 
the end of the first 24 hours, the tube uith the second smallest amoimt of uater 
shou-ing acid and gas is selected m each case (or the tube mth the largest amount of 
water if no other tube is positive or if none of the tubes are positive) Dilutions 
from these tubes are sub-cultured on MacConkey’s rebipelagar for discrete pink 
colomes, six of which are picked off after 24 hours’ incubation into MacConkey’s 
broth (D) tubes After 24 hours’ incubation, these cultures~are‘ tested in the 
following media, viz , ^ ~ 

Nutrient or tryptophane broth for mdole and motibty, dipotassiiim hydroo-en 
phosphate glijcose broth for M E and V P tests, Koser’s citrtate 
solution, and the following sugars— saccharose, dulcite, adomte and 
inulm 


The sugar fermentations are recorded after 48 hours, motilitv and Gram 

staining reaction after 18 to 24 hours, indole production after 24 hours if in trynto- 

phane broth or after i 2 hours if in nutrient broth The M E and V P tests arc 

rarried out after fmir days Koser’s citrate test is read off after 24, 48 and 72 hours 

sub-culture have thus been classified as coh ceroqenes 

Z I ZZ ' " claimjhat this gives a more convincing confirmation 7f Sie 

presumptive positives with each of the two media uuimanon ot tiie 
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We lia ve also attempted to group our samples accordmg to tleii soaxce andtk 
results of the tests aie tabulated accordingly The gas readings at 24 and at 18 
hours have been separately compared so as to allow full scope for a companson of 
the two media 

e have tints examined over 70 samples drawn from different source; 
scattered over the whole of the Madras Presidency, which comprises an area of 
143,870 square miles with a coast-line of over 1,700 miles The annual ramfall 
varies from 150 inches on the west coast to about 24 inches on the east Our samples 
mav therefoie be considered to be representative of different climatic and geological 
conditions, and to be exccptionallv v cll fitted for making a comparison of the lalue 
of the two media in respect of different t}q)es of water The American woilers arc 
more or less limited to a few types of water in their comparative studies Inmo4 
cases, we find that the lesults and conclusions relate to samples from a smgb 
filtration plant 

There was no conscious selection made of the samples in our series Samples 
winch arrived (packed in ice) in the course of the routine work of the lahoiaton 
between certain dates, veie examined by the two procedures and the icsiilts 
recorded 


Table I 


Source 

Number 

of 

samples 

M^cCOOTTEI’S niLF S4LT 

1 UOTR 

Domimcf Uvrm ehotii 

Fosifive 

presumplives 

Confirmed 

1 

Positive 

presuniptjves 

Confiruic4 

A U ells 

17 

15 

i 

Ij i 

15 

I'l 

B Hirers 

1 j 

13 ! 

13 

13 

13 

i 

j 

C Infiltration galleries 

1 

G 

5 

6 

3 

3 

D Lakes and storace reser 

17 

17 

17 1 

14 

I'l 

voirs 



1 



E Filtered (slow sand 

12 

8 

7 

10 

7 

and rapid mechanical) 





I 

water 






F Chlorinated (all types) 

7 

1 

1 

3 

' t) 

1 

Totals of all samples 

72 

59 

5S 

68 

' 51 

* 5 1 


\ Table I gives the total number of samples examined, ‘ 

p^tive presumptive tests by the two methods, and the number o 
thatNqqnmraed on the application of the tests described above clainm'l 

fa) Resumptive — It will be seen that no definite apitluag. 

for tL ne\ medium over MaoConkey’s bi otU Ilie bow medium was, H a") 
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inferior to tlie other in the case of D and only slightly bettei in E and E The vast 
majority of the water-supplies in this province, and in fact in India as a whole, 
being dern ed from sources A to D, the use bf the nev medium appears to 
offei no special advantages over the time honoured and well tried MacConkey’s 
medium 

(6) Confrmaion/ tests — In Table I, we liave followed the American definition 
of ‘ confirmed tests ’ and include under ' confirined ’ all samples which showed the 
presence of organisms which grew as pink colonies on hlacConkey’s agar and which 
were Gram negative, non-sporing and produced acid and gas in MacConkey’s bile- 
salt lactose broth on secondary culture B coli, B cerogenes and intermediate 
forms are all therefore included in the group On this basis, while 98 3 per cent of 
the presumptive positn es in MacConkey’s broth confirmed for colon-cerogenes, only 
93 1 per cent confirmed from the new medium Ag.iiu, 80 6 per cent of the total 
number of samples in the htacConkey’s and 75 per cent in the new medium yielded 
members of the colon-cei oqenes group 


Table II 


A comparison of DominicL-Laittei mediiini MacConley medium on 
the basis of delicacy of reactions 




Doscp^ok Laiitek mepiu^i 

1 . . .... ..... 

Source 

\umber 

More delicate 

Equal to 

Less delicate 


i 

24 hours 1 

48 hours 

24 hours 

48 hours 

24 hours 

43 hours 

A Wells 

I 17 

3 1 

3 

7 

12 

7 

2 

B- Rivers 

13 

0 

1 

4 

■ 

6 

9 

6 

C Galleries 

6 

1 1 

i 1 

3 

3 

2 

o 

D Likes etc 

17 

3 

C 

4 

7 

10 

4 

E Filtered 
waters 

12 


_ 1 
/ 

1 1 

0 

11 

1 

4 

F Chlonn'iled 
■waten 

7 

j 

3 j 

i 

I-' 

4 

4 ! 

i 


Totals 

72 

15 

1 

21 

28 

33 

29 

18 

1 

Percentage 

20 8 

29 2 

38 9 

46 8 

40 3 

1 

26 0 


In recording positnm presiunptive tests, rebance was placed on the production 
o acid and gas in MacConkey s broth tubes and on the production of gas together 
a. UP I 
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with a direct colour change from blue to yellow in the new medium, m 24 and 48 
hours Table II shows that the new medium was more delicate than MacConlcj’s 
m 20 8 per cent of the sjimples after 24 houis’ incubation, i e , lactose feimenfeis 
were detected in smaller quantities of the inoculum in the new medium than m 
MacConJrey’s In 38 9 per cent of the samples, both media yielded identical 
results In the remaining 40 3 pei cent of the samples, the advantage lay with 
MacConkey’s bile-salt broth, the new medium being less delicate in detecting 
lactose fermenters 

The gas readings after 48 hours’ incubation show that the new medium has 
gained under the first two heads Even so, MacConlcey’s medium is found to have 
detected colon-ceiogenes in smaller volumes than in the new medium in 26 percent 
of the samples submitted to the two tests As one of the claims made for the new 
medium is that a definite determination can be reached as to the presence or absence 
of coll (they include cciogenes and intermediates also under this term) in any water 
at the end of 24 hours, without the necessity of any further confirmation on solid 
media, the results after 48 hours’ incubation are of very limited value 

Tables III and IV may be read together The results of our fully confirmed 
tests have been reclassified in these two tables on the basis of two difierent sets oi 
reactions used largely in difierentiating coh, ceiogenes and mtermediaies The 
indole and methyl-red tests alone have been used in Table III Koser’s citrate 
utilization test together with the indole test has formed the basis of Table IV hi 
our hands there has been a remarkably perfect correlation between these two tests 
and we would therefore place greater reliance on this combination than on anv 
other set or sets of tests 

Table III — 68 7 per cent of the total number of organisms isolated feom Mac 
Conkey’s broth cultures and only 44 6 per cent of those from the new medium wwe 
true B coll 

Table IV — Practically identical results for true B coli have been obtained by 
this classification The figures for B cerogenes, however, show a difference, but the 
relative proportion has not been materially altered The increase imder thishea 
13 due to the fact that the intermediates (under the previous table) are ® 

to one or the other of the two mam groups {B coli or B cerogenes) oj ^ ^ 
classification We would here like to emphasize the very definite advan ag 
gained by including the citrate and indole tests in the routine 
confirmatory work especially in the tropical countries This view is now 
by English bacteriologists also (Topley and Wilson, 1930) 

All the four, viz , mdole, M E , V and P , and Koser’s citrate utilization task) 
have been included in framing Table V Although sixteen 
possible with the four tests, all our strains fitted into one or other 
in the table Following Euchhoft et al (1931) we have classified 
combinations into three major groups, coli, cerogenes and.iniermemalcs , 
tions 1 and2forn\the true B coli, combinations 3, 4, 6, 7 and ® > wt 

mediates and 9 and 10 the cerogenes It will be seen that the than 

cultures have yielded on confirmation a larger proportion of tnie ^ c ‘ 
new medium Twomundred and thirty-three out of m from tbe 

(68 1 per cent) from MacConkey’s and only 136 out of 300 (46 o per ) 

new medium were B soh 
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Percontago 08 7 17 7 HO 14 0 110 
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Percontagp 57 5 13 7 28 8 




746 


A Comparison of Broths Water Analysis 

Taking tlie V and P , and Kosor s citrate tests alone, and considerin'’ 
tliat all organisms positive to both tests were cerogenes the new medium yielded 
42 3 per cent while only 20 7 per cent of those from MacConkey’s bile-salt broth 
were of this type 


Table VI 


Source 

A^umber 

of 

samples i 

! 

NUMBER SHOWING THE PRESENCE OF TRUE 

B coh ON THE BASIS OF 

Koser’s 
CITRATE — 

Ihdole -F 

JIftiivl red -F 

ISDOLF -t- 

yiacGonkov’s 

broth 

Dominick 

Lauter’s 

medium 

MacConkej'’s 

broth 

Douiiniek 
Lauter s 
medium 

\ 

Wells 

1 

1 

1 

12 

1 

8 

12 

8 

B 

Rivers 

13 

1 

12 

0 

12 

10 

C 

Galleries 

0 

I 

2 

5 

3 

D 

Lakes and storage 

17 

16 

9 

15 

9 


reservoirs 






E 

Filtered ivater 

12 

5 

6 

5 

fi 

F 

Chlorinated 

7 

1 

2 

1 

0 

** 

Total*? 

72 

61 

35 

50 

37 

Pernent ige 


70 S 

48 6 

60 4 

514 


It will be seen from Table VI that preliminary enricliment in JlacConlcy s 
broth revealed the presence of true B coli in about 70 per cent of the samples 
either set of tests, while enrichment on the new medium showed them to be 
in only about 60 per cent of the samples By the use of the new medium o a 
therefore, about 20 per cent of the samples which contained true B colt wou 
have been passed . 

As the results obtained by us did not appear to justify the claims made J 
spi.’Usors of the new medium, under the conditions of our first series of tests, i * 

'' desirable to obtain a small supply of the dyes used by them to sec i 


consV 

suitaMity V)f the dyes played an important part m the success of the me ” , ‘^1 
Howa^(llfe2) had pointed out Messrs Dominick and Lauter kmdl) j 
a small ^antity of their standardized dehydrated M B , B C P mediunL 
by the Dil^^aboratories, as also a small quantity of the dye stocked by ‘ ^ 

Kodak Comply of New York We made comparative tests with the "J'' ® 

(i) as made orVmally by us vith the brands of dyes available m ‘ ^ 

{ii) as prepare^Aom the dehydrated Difco product Cultures ml* 
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broth served as controls The results showed that the Difco dehydrated medium 
was slightly superior to our M B , B OP medium but not to the MacCoukey’s 
broth °Thus, while true B coli were isolated from 12 out of 19 samples mMacCoukey’s 
broth cultures, the new medium (ours and Difco) revealed their presence in 
6 and 8 samples respectively With the Difco product there was also a sharper 
colour change and a larger volume of gas m a shorter tune We therefore consider 
that variations m the results obtamed with different brands of dyes constitute a 
distinct limitation to the usefulness of any medium 

There is one other pomt to which we wish to draw attention The origmal 
article of Dommiclc^and Lauter would appear to suggest that their M B , B CP 
medium was specific for B coh as agamst B cerogenes, and that the medium was 
specially suited for detecting true B coh m water Our findings have failed to 
estabhsh this claim, but on the other hand the use of this medium has resulted in 
the isolation of more B cerogenes by the fully confirmed tests The sponsors of 
this method, accordmg to a private commiimcation (Dommick and Lauter, 1933), 
have apparently withdrawn their claim foi specificity as they have stated that this 
new medium ‘ will inliibit only the spurious lactose fermenters outside of the colon- 
cerogencs group and inliibit not at all, members of the latter group ’ 

AVe may be permitted to state therefore that the new medium may be definitely 
superior to the standard lactose broth of the A P H A methods (6th Ed ) but it is 
definitely inferior to MacConkey’s bde-salt broth m water analysis work The 
fact that more samples showing tnie B coh are detectable by the MacConkey’s 
bile-salt broth than by the new medium is sufficient proof of the greater usefulness 
of the former in routine water analysis A\"e have used this medium in this labora- 
tory with uniformly satisfactory results for nearly a quarter of a century and false 
presumptive positives have never troubled us The quabty of the water as judged 
by the results of our tests has nearly always correlated with the qiiahty expected 
from a knowledge of the local conditions 


W^e desire to express our grateful thanks to Lieut -Colonel H H King, i 5 i s , 
Director, and to Major AV J Webster, m c , IMS, Assistant Director, of the 
King Institute, Guindy, for their valuable adi ice and helpful criticism during the 
course of our work and in writing up this paper 


Summary and conclusion 

Parallel tests on seventy-two samples of water, from different sources have 
been carried out using MacConkey’s bile-salt lactose broth and Domimck-Lauter 
methylene blue brom-cresol-purple broth respectively as the enrichment and 
selective media Comparison indicates that the MacConkey broth test is more 
sensitive and more rehable 

Both as a selective medium for the piesumptive positive test for coh and as 
an enrichment medium to be followed up by sub-culture for the study of discrete 
colonies, ^aud classification into coh, wrogenes and ^ntermed^ates, MacConkev’s 

SS bncSiogy ’ sntofactey medium m 
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As a part of our research uito the comparative structure of the cholera and 
cholera-like vibrios, we have undertaken the study of the protem constituents 
The results obtained from the van Slyke analyses have already been reported (Linton, 
ilitra and Shrivastava, 1934) In this paper no are presenting a studv of the effect 
of raceinization on a series of vibrio protems In the ‘ Discussion ’ is inr hided a 
resumd of the relationships among the three vibrio groups which n c have recognized 
from our previous work (Linton and Shiivastava, 1933a , 19336 , and 1933c) 

The method we have used depends essentiallv npon tlie observations of Kossel 
(1912) and Dakui (1912) that proteins dissolved in n eak alkahne solutions gradually 
alter their optical properties This change takes the form of a diminution of rotatory 
poner, nhich is rapid at first, but gradually becomes less marked until after some 
days a constant value, much less than the original, is reached This change in the 
rotatory power Ins usuaUy been described as due to a racemization althoush it is 
generaUy recognized that the term is mcorrect It appeals probable tLt the 
variation ui optical actmty is due to an intra-molecnlar change, which results in 
the production of optically mactive amino-acids, rather than that equal quantities 
of d- and Z-forms are produced, as m true racemization (Jordan-Lloyd S) 

( 749 ) J ’ J 
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In tlie earlier use of tlie method, the proteins were allowed to stand m allali 
until their lotation had become constant They were then hydrolysed in acid, tlic 
resulting amino-acids isolated, and their optical properties determined The ammo- 
acids, with the exception of glycine, are ordinarily optically active after acid hjdro 
lysis The amino-acids from the alkali-treated proteins were found to vary m this 
property Some were optically active, some inactive and others partially acta e 
If the same amino-acids in two proteins w^ere found to have diSerent optical propeiiies 
it was evident that they could not have occupied similar positions in the 
original molecules, since they had been acted upon differently by the alkali It 
IS probable that intra-molecular changes occur only in the amino-acids which arc 
completely within the protein molecule, and not in those which occupy terminal 
positions 

A number of proteins were studied m this way by the earhei workers As 
Woodman (1921) has pointed out, the method is dependable but technically not 
entirely satisfactory In the first place, the isolation and purification of the 
individual amino-acids is a lengthy and tedious process and one requiring a large 
amount of material Secondly, the conclusion that one piotein is distinct from 
another can be drawn only when the optical activity of at least one of its ammo 
acids is clearly different from that of the correspondmg amino-acid of the other 
protein Woodman showed that a much simpler method, based on the samepheno 
menon, could be used His modification consisted in following the optical activit} 
of the piotem dining the poiiod when it was dissolved m alkali, and plotting 
the specific rotation against time The curve obtained m this way was perfectl) 
smooth, and had a concordant shape m duplicate experiments He also foiincl 
that two proteins of the same stnicture varied equally when the concentration 
of alkali used as a solvent was varied, as would be expected from the consideration'! 
on W'hicli the method is based 

Woodman showed that it was possible by this simplified method to establish 
the identity or non-identity of related proteins By comparing the rate of race 
mization he found that the globulins of cow and ox seia and of colostrum verc tJie 
same, while lactalbumin and serum albuimn were distinct The albumin of nii 
was found identical with the albumin of colostnira He also found that the corre 
spending proteins of cow and ox seia were identical 

Since our previous work had shown that the proteins of the cholera awl flic 
cholera-like vibrios were closely similar as far as the van Slyke analyses con g > 
it seemed possible to apply the method outlined above as a more thorough es 
their identity or non-id entity 


OP PEEPAEATION OP THE PUEIPIED VIBEIO PKOTPINS 

It was essential for the success of the compaiative method to treat tlm 
A RfimA W throughout the entire piocess of preparation and duiing ® P ‘ 
: This cardinal point was kept in mind during the wlio c 

ere grown on 5 pei cent agar for 48 hours 


in the same wi 
metric readings' 

The vibrios 


The papam-"'o 


-fllgC'f 


bioth m the agar>Contamed 1 per cent of oxidizable mattei ‘ J (or a 

was washed off in & per cent phenol, allowed to stand at room ^^®P ‘ j ^ gQ ^ ^ 
few liours and tlien \ashed repeatedly in the Sharpies supercentrifuge 
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or 40 c c portion of tlie wnsh-water did not reduce Benedict’s solution after liydio- 
lysis Our preiious experience liad sliown tint any agar isliicli liad dissolved out 
during tbe incubation period voiild be removed b} tins treatment The vashed 
bacterial mass vas dried in the air oven at 50°C 

After collecting about 40 grammes of dried bacterial substance, vhich repre- 
sented the growth of approximately 350 Boux flasks, the purification was begun 
This nas somewhat modified by the exigeneics of the material from Woodman’s 
method, and was briefly as follows The protem was finely po\s dered and taken up 
in about 2 litres of distilled water, and sufllcient sodium hj droxide added to make .i 
1 per cent solution The solution was centrifuged free teom insoluble matter and 
acetic acid added until the solution was just aUcaline The gloliulin was then 
precipitated by the addition of an equal quantity of saturated ammonium sulphate 
solution, taken up m 0 6 per cent sodium chloride solution, and reprecipitated 
uith ammonium sulphate This process was repeated until seven precipitations in 
all had been made 

The fluid remaming after the first precipitation of globulin was filtered through 
a Seitz ' E-K ’ filter, and the perfectly cleat filtrate, which u oiild ordinarily contain 
the albumin fraction of the protein, was treated with 40 c c of 25 per cent sulphuric 
acid per litre, and allowed to stand overnight in the refrigerator In no case 
did more than a trace of turbidity appear Some of the protem solutions were 
saturated with ammonium sulphate, but no precipitate was obtained It was 
concluded that the amount of albumin present m the vibrio protems was very 
alight or ml 

The globulin, after the seventh precipitation, was taken up in distilled water, 
and dialysed first against running u ater for about ten days, and then against frequent 
changes of distilled water for three or four days until sulphates could no longer be 
detected The dialysed material was filtered tlirough a Buchner funnel to separate 
the pseudoglobuhn and euglobubu fractions, and the latter was unshed several 
times with distilled water The filtrate, which contamed the pseudoglobuhn was 
cooled in ice, and ice-cold alcohol added until a precipitate appeared After 
standing for some hours in the refrigerator, the precipitate was filtered off, washed 
with alcohol and ether, and dried in vacuo over sulphuric acid The euglobulin was 
suspended in water, and refiltered The process was twice repeated, the euglobulin 
being taken up each time in a small quantity of water After the second filtiation 
the substance was again taken up in water, reprecipitated u ith alcohol, washed 
with alcohol and ether, and dried in vacuo over sulphuric acid 


Preparation of the solutions 

Exactly 0 5 g of the purified substance was taken in a 50 c r measuring flask 
dissolved in 25 c c of normal NaOH (carbonate-free) and the solution made un to 
50 c c thus making a strength of ^72 of the alkali A N/4 solution was also made 
by taking the same amount of the purified substance in 12 5 c c of the normal 
alkali, and making it up to 50 c c Smee the solutions shoved a slight turbidity 
which would have iiderfered with the polanmetric readings they were filtered 
thiough matrnan s No 6 filter-paper until clear The final soliitmns were famtlv 
yellow in colour , the colour faded out completely during the period when the 
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readings were being made The solutions were kept at 37°C The readings were 
made in a Solimidt and Haensch polarimeter, using aid tube, and sodium light 
As indicated m Tables I to IV, the readings were made at frequent intervals during 
the first 48 hours, and at 24-houi intervals thereafter until the rotation had a 
constant value This was reached after about nine days 


The vibrios usBr) 

Proteins were prepared by the above method fiom the following s)\ 
vibrios, two from each of the thiee vibrio groups we nov recognize on the 
basis of their polysaccharide content and agglutination reaction (Linton and 
Shrivastava, 1934) 

Group I Vibrios Nos 1612 and 1676 These organisms were derived from 
clinical cholera, and are morphologically typical vibrios Number 1612 is a rough, 
non-agglutinatmg strain, and No 1676 is agglutinable and smooth The polysac 
charide derived from them yields galactose as its characteristic sugar 

Group II Vibrios Nos 2027 and 506 These vibrios were likewise derived 
from climcal cholera, are morphologically typical vibrios and agglutinate vith 
cliolera anti-serum The polysaccharide derived from them yields arabinosc as its 
characteristic sugar 

Group III Vibrios Nos W880 and W3076 These vibrios weze isolated 
from water in a cholera endemic area They do not agglutinate with cholera anti 
serum Morphologically they are typical vibrios Them polysaccharide yields 
arabinose on hydrolysis’ Number Vt3075 is rough to Millon’s reagent 


Resums 

We may first consider the data which we have obtamed from the vibrios derived 
from clinical cholera The specific rotations are presented in Tables I and 11 , and 
in Graph 1, which is constructed from the data m them From each of the four 
vibrios two fractious — pseudoglobuhn and euglobuliii — were derived, and tic 
action of each m N/2 and N/4 alkali was studied 

A comparison of the eight sets of data presented in Tabic I shows that all of 
tliem coirespond closely The initial rotation appears to be about —80, tiic ra e 
fall is the same, and the specific rotations finally reached are also identical 
proteins which are identical would show these close similarities nil o 
readings, for either concentration of alkali, can be satisfied by one cun o 
pseudoglobulms and euglobulins in each protein seem identical As 
expected, the more dilute alkali has a smaller effect upon the protein tiian ic 
concentrated, although the iiiioial rotation appeals to be about the sanac in 
cases The sraaHej. effect is shown by the less lapid and 
rotatory power in the N/4 solution Both the globulins from 1612 am - - 
exactly the sameldegree of diffeience in the different solutions of ‘'^'*’^ 1 , 0 ^ 11 ) 
variation m concentration of alkali brings about an exactly eqiuva en ‘ ‘ 
the rate at which the rotation is changed In each case the u 
continued beyond Vhe figures shown in the table to about 00 > 

further fall in the roYation was noted 
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Tabll I 

Spccijic rotations of the pseiidoglobuhn and mqlohidm factions of cliolaa 
Vibrios Nos 1612 and 2027, «« N/2 and N/i NaOH 


Vibrio groot I 

(GiL-lCTObE CONTAIMNO) 

No 1612 

\lBRIO GROUI 11 
(\rvbi\ose coi.tm'hno) 

No 2027 

Hours 

Euglobulin 

1 

f 

Hours 

[ 

Pboudoglobulin 

i 

Hours 

riiglobulin 

Hours 

Pseudo 

globulin 


N/2 

N/4 


N/2 

N/4 


N^2 

N/4 


N/2 

i N/4 

X 

-7S 

-70 




1 i 

1 

! -77 

-78 



1 







1 1 

1 



1 

-70 

-77 

21 

-72 

-74 

8 

-70 

-73 

i ^ 

-71 

-73 

3 

-70 

-73 

5 

1 

—65 

-60 


1 


i ® 

-64 

-69 

6 

-64 

-GS 

1 

26 

-48 

-49 

22 

— 4o 

— 51 

24 

-44 

-50 

24 

-44 

1 —30 




1 

i 

1 

t 

1 

80 

-42 

1 

-48 

80 

-42 

1 -48 

48 

-37 

-48 

46 

-86 

' -48 

50 

-36 

-42 

60 

-36 

1 -41 

06 

-27 

-33 

1 

05 

-27 

' -35 

1 

94 

-27 

-34 

94 

-27 

-34 




119 

-25 

i 32 

t 

120 

-25 

-82 

120 

-25 

-32 

U4 

-24 

-80 

148 

-28 

-80 

145 

-28 

-30 

145 

-23 

-30 

168 

-21 

—28 

166 

-21 

-28 

169 

-21 

-28 

160 

-21 

-28 

102 

-20 

-27 

ion 

-20 

-27 

103 

- 20 

-27 

198 

-20 

-27 

216 

-20 

-26 

214 

-10 

-26 

217 

-10 

-26 

217 

-19 

-26 

264 

-19 ‘ 

1 i 

1 

i 1 

-28 

1 

262 1 

—19 

! ! 

1 

1 

266 

-19 

-26 

266 

-19 

-26 


Table 11 e„„ta.„s the tea te the other prote.o, denved from cholera 
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Table II 

Specific rotations of the pseiidoglobulin and euglobulin factions of cholera 
vibrios Nos 1676 and 505, in N/2 and N/i NaOH 


VlBEIO GEOUP I 
(Galaotose gontainihg) 
No 1676 


VlBEIO OEOCP IT 
(AEiBIEOSE CONTAINING) 

No 505 


i fi6UuO 

Hours Euglobulin Hours Pseiidoglobulin Hours Euglobulm Hours globulin 


N/2 N/4 


N/2 N/4 


N/2 N/4 


-76 -77 


N/2 W 
-77 -78 


-70 -72 -72 -71 


-50 26 

-43 50 

-35 72 


-32 120 

-28 i68 

-27 192 

-26 217 

-26 240 


-50 24 -46 -60 

-42 48 -^<5 

-36 72 -31 '36 

-33 97 -27 '33 


-32 121 

-28 168 


-19 -26 216 

-19 -26 240 


-25 -32 

-21 -2S 

-19 -26 

-19 -20 


Inspection of tbe figures m Table II shows that for either concentrato 
alkali a single curve can be drawn to satisfy the data both from the eu„ « 
pseudoglobnlin fractions of both proteins These must then be ^enti^ 
more, the curves given by the data in this table can be superimpose 
concordance on the curves drawn from Table I This has been done 

13 given m Graph 1 j t ul in ail 

We are able to conclude from this work that the proteins ‘ also 

these vibrios, and that in each of them the pseudoglobulins and eiiglo 

identical ^ jj] 

We may now tur^ito the data which have been 
vibrios, 1 e , vibrios d&ved from water, and possessing an ar 
polysaccharide \ 
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Table III 

S^icctfic lolaitons of (he pseud oglobnhn and euglobtthn fiaclionsof uotei- 
vibnos Nos IT'880 and Tf3075, ??? N/2 and N/i NaOH 

Vibrio group III (Ababirose contathi>g) 


No W8S0 


No W3075 


„ 1 

i 

1 

Euglobuhn 

Hours 

PseudoglobuUn 

Hours 

Euglobulin 

Hours 

Pseudo 

globulin 

1 

N/2 

N/4 


NV2 

N/1 

1 

N/2 

N/4 


N/2 

N/4 

! 

1 j 

-72 

-74 










1 

-70 

-72 

33 

.-64 

-69 


-70 

-72 

1 


-73 

5 j 

-00 

-tiO 

5 

-60 

-66 

5 

-60 

-66 

4J 

1 -61 

-G7 

24 I 

-30 

-47 

1 24 

-39 

-48 

24 

-30 

i -48 

24 

-39 

i -48 

j 

30 j 

-37 

-45 

28 

-38 

-47 

29 

-37) 

-47 

29 

-37 

j -46 

48 1 

-31 i 

-38 

48 

-30 

-38 

48 

-31 I 

-39 

48 

-31 

1 -36 

72 i 

-21 

-33 

, 72 

-25 

-33 

73 

-25 

-33 I 

73 

-26 

-33 

96 

-21 

-31 

' 96 

-22 

-30 

06 

-22 

-30 

96 

-22 

-30 




120 

-20 

-28 

120 

-20 

-28 

120 

-20 

-28 

168 

-16 

-25 

168 

-16 

-25 

1 168 

-17 

-25 

168 

-17 

-25 

191 

-15 

-24 

191 

-15 

-24 

1 

102 

-15 

-24 

192 

-15 

-24 

215 

-14 

-23 

214 

-14 

-23 

216 

-14 

-23 

216 

-14 

-23 

263 

-14 

-23 

[ 262 

-14 

-23 

264 

-14 

-23 

204 

-14 

— ZO 


As m the case of the other proteins, the readings wre gf the figure" 

period of about 350 hours, but no further change was f f . ^ „,ven by tbc 

in Table III shows a complete concordance among the four | lobuhn and 

N/2 solutions The N/I solutions ure also the tie u'.te 

pseudoglobitliil fractions of the two proteins The v.r,vin? 

Vibrios are then identical, and show an identical variation 
concentrations of alkali 

Comparison op the behaviour op the proteins in alkaline 

SOLUTIONS J,j]| 

This comparison is made in Graph 
rotation of the water-vib«o proteins m N/2 (cur\e A) an / 


Graph 2, 
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The data for the cholera vibno proteins in N/2 and hr/4 alkali are given incurve. 
B and B' respectively It is evident that the two sets are different, and that the 
initial rotation, the rate of fall, and the level at which equilibrium is finally reached 
are distinct in the two groups of data The curve for the water- vibrio protuns 
begins, for both concentrations of alkab, at about — 75, against —80 in the cholera 
vibrios, it falls more rapidly and reaches lowei final levels of — 14 against— IDin 
the ISr/2 solutions, and — 23 against — 26 in the N/4 solutions It appears that the 
alkali acts more quickly and more nearly completely on the water-iibrio proteins 
than on the proteins of the cholera vibrios The proteins therefore cannot he 
the same 


Discussion 

It IS evident from the tables and graphs which have been given above that ho 
distinct proteins are present in the vibiios which w’e have studied The first of these, 
which we may designate as protein I, is found in both types of agglutinable vibrios 
from clinical cholera, i e , the galactose- and arabinose-containing organisms The 
second protem (protein II), which shows a more rapid lossj^of optical activitj in 
alkaline solutions, is found in the water-vibnos 

We bebeve that we are now in a position to summarize our findings, in botli 
the carbohydrate and protein analyses 


Table IV 


A classification of the cholera and the choleia-hJce mhnos on (helms 
of the 'protein and carbohydrate analyses 


Group I 

Agglutmabla vibnoa 
from olmzcal cholera 

Grout II 

nr"'" 

Agglutinable vibnos 
from clinioal cholera 

Group m 

Non agElutinable vibnos 
from water 

Protem I 

Protein I 

Protein IT 

Polysaochande I 
(galactose containing) 

Polysaochande II 
(arabinose containing) 

Polysacchando II 
(arabinose containing) 


It should be emphasized that this table represents a summary of our .jpp’ 
and IS not to be taken as a final statement of a possible 
It would appear that the study on the chemical constitution is like y o * 
considerably our knowledge of the vibrios and their relationships ^ 

Groups I and II contain the same protem, and differ in their 
fractions Groups II and HI have the same polysaccharide frac , p,nt 

proteins Groups I and III differ in respect to both constituents i g(>],ari(h'> 
of view the vibrios of Group II are truly mtermediate types ‘ ^ t]ie 

are identical with those of the water-vibrios, and them found m 

vibrios of Group I Grdup I appears to contam the majority of tft 
climcal cholera (Linton Shrivastava, 1933c) 
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As Woodmin (1921) li-is stated, ‘the amount of difference between the 
optical values of two proteins in dilute alkali is not an absolute measure of the 
amount of structural difference existing between them, since the optical 
rotatory power of a complex substance is by no means a simple additive 
function of the actmties of its several constituents ’ Concretely, the differences 
in Graph 2 between the curves A and A' on the one hand and B and B' on 
the other do not indicate how nearly allied or how far apart the two proteins 
are in structure 411 that can be concluded is that we are dealing with tavo 
structurally distinct proteins 

We have previously shovn (Linton, Mitra and Shrivastaa'a, 1934) that the 
nitrogen distribution was the same m the protems which we now designate as 
proteins I and II From this work v e v ere led to conclude that the umts from 
which the vibrio proteins nere biidt up were identical The present study shows 
that the arrangement of these units m the protein molecule is different, and that 
the protems of Groups I and II on the one hand and of Group III on the other are 
distinct 

Two of the vibrios which we have worked with here have been rough to 
Millon’s reagent, and have given smooth-rough colomes on agar (Nos 1612 
and W3075) 

The racemization method is now being appbed to a further senes of rough 
vibrios The structure of the carbohydrates m the smooth and rough forms has 
previously been studied (Lmton and Shrivastava, 1933a and 1933&), and the 
quabtative analyses given m those reports show that the carbohydrates in the 
two types of growth are the same 

Quantitatively, however, there is a difference between the smooth and rough 
forms The transition to rough growth is accompanied by the loss of specific 
carbohydrate, and the degree of roughness appears to parallel this loss In our 
earber work we did not realize the extremely labile nature of smoothness in the 
vibrios, and their tendency to revert to a stage in which the amount of carbohydrate 
was only sbghtly, if at all, different from that of the corresponding rough forms 
This tendency to reversion is especially marked under the conditions of mass 
growth which we use in our work We therefore reported that differences 
did not exist between the amounts of carbohydrate in the smooth and rough 
forms, a statement which later work enables us to explain Considerable 
differences do exist between the tiro forms of growth, when care is taken that 
smoothness is maintained Under these conditions the smooth" forms show 
generally from 6 per cent to d per cent of carbohydrate and' the rough 'forms 
from 0 85 per-cent to 2 per cent (dry weight) Grown m”smaller' quantities 
the differences might well be greater, due to the greater case with uhich maximum 
smoothness or roughness could be maintained 


StJMMART 


The racemization method has been applied to the study of the proteins of the 
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3Vo distinct, proteins bave been found in tbe three vibrio groups Their disfri* 
bution in relation to tbe polysaccbandes may be summarized as follows — 

Vibno group I — Tbe members of tbis group are composed of protein land 
polysaccharide I Tbe group contains tbe majority of strains which wo have found 
in cbmcal cholera 

Tihno group II — Tbe members are composed of proteinl and polysaccharide H 
These organisms also occur m cbmcal cholera 

Vtbrio group III — These orgamsms are composed of protem 11 and polvsac 
cliande II They are water- vibrios 

The intci -relationships of these three groups, as far as they are now understood, 
are given in Table IV 

The euglobubn and pseudoglobnlm fractions in any given vibrio protein arc 
identical 

No albumin could be demonstrated in any of the vibrio proteins studied 
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Addendum. 

The fourth possible combination of the two proteins and two carbohydrate^ 
which we have found in the vibrios bas been disclosed through the analysis o a 
El Tor strain This strain possesses the carbohydrate fraction of the Group 1 vi n 
(Polysaccharide I), and the protein fraction of the Group HI vibrios (Protem J 
It therefore falls mto a fourth group, and is related to the majority of worios oi 
in clinical cholera thiough the possession of an identical carbohydrate, anc o 
water vibrios through the protem Work now m progress on a series o 
vibrios will show whether this structural relationship holds throughout tiie gr 
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INVESTIGATIONS ON THE NUTRITI^rE VALUES OF 
INDIAN FOOD-STUFFS 

Part II 


BY 

A. R GHOSH, 

AND 

B C GUHA, PH D , D.SC 

{From the Biochemical Laboratory, Bengal Chemical and Pharmaceutical 
Worhs, Limited, Calcutta ) 

[Received for publication, December 29, 1933 ] 

In Part I of this series (Ghosh and Guha, 1933) vre have reported the results 
of an investigation of the vitamins B] and Bg and of the protein, iron, calcium and 
phosphorus contents of some Indian food-stirffs The present paper records the 
results of further work m this hne The vitamin Bi-, Bg- and A-values of many 
Indian food-stufEs, mcludmg vegetables, pulses and fishes, have been investigated 

Method of assay of vitamins Bi and B 2 

The biological technique described before (Guha and Chakra vorty, 1933 , Ghosh 
and Guha, loc cit ) has been used The minimum quantity, which v ould produce a 
weekly gam in weight of approximately 10 g for a period of 2 to 3 weeks in young 
vitamin B 2 -deficient rats, has been taken to contain 1 umt of vitamin B 2 (Guha and 
Chakravorty, 1933) The vitamin Bi-values have been expressed m terms of 
mternational units by direct comparison with the international standard 


Biological technique for the assay of vitamin A 

Young rats, averaging 40 g 111 -weight, were kept m separate cages -witli screened 
bottoms and were fed on an artificial vitamin A-deficient diet, consisting of 66 
per cent heated starch, 20 per cent ‘ light white ’ Casern (B D H ), 10 per cent lard 
5 per cent salt-mixture (McCollum) and 5 per cent dried yeast powder ’ 

Each rat received m addition 2 drops of ‘ Eayneol ’ (nradiated ergosterol in 
vegetable oil of standardized potency) twice weekly 

An adequate supply of vitamins Bj, Bg and D was thus ensured Accordins 
to the usual procedure, the vitamm A supplements vere gnen when the erowth- 
curve was either flat or fallmg on this dietary, showmg a depletion of the litamm 

( 761 ) 
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A reberves of tlie body As no international standard of vitamin A was available 
at tile moment for comparison, one unit of vitamin A was defined to be tk amount 
of food-stnfi winch w^ould produce a weekly gam in weight of approximate!} 10 g 
for a period of 3 to 4 weeks under the above conditions The supplements irere 
provided in dishes separately from the basal diet Each food-stuff was tested 
with two or more animals 

Results 

The results are given m the following table — 


Table 


SoTja] 

No 

1 Food stuffs 

j 

Units of 
ntamiD 
‘ A ’ 

(m 100 g) 

Umts of 
vitamin 

( -g ^ 

fin 100 g) 

Umts ot 
vitamin 
‘B,’ 

(in 100 g) 

Bengali names 

Botamoal names 


Vegetables 





1 

, Alu (Namital) 

Solarium tuberosum {Legumi- 



38 



noscc) 




2 

Am (Mango) (Borabai) 


j 

' 20 

14 


3 

„ (Langra) 

1 

1 Manytlera tmhea (Anacardia 

J 

20 

16 

35 


1 

cece) 





4 

» (Fozh) 

Y 


1 SO 

33 

oU 

1 

6 

Ash frmt 

Nephelmm longana 


0 

■■ 

6 

1 Begun (Egg fruil) 

Soluuum melongena [Sdhnaccce) 


20 

H 

7 

j Clial Kumrah 

Benmeasa cenfera {Cucurbita 


0 




\ cem) 




8 

Hmche 

Enhydra fluclucins (ComposileB) 


28 


9 

Jamrool 

Eugema malaccensis 


2 

2 

10 

Kala Jam 

Eugenia lambolana {Myrtacccc) 


0 

0 

11 

Kanthal (Jack-friut) 

Artocarpus tniegrifoha (Arlo 


20 

16 



carpaccw) 




12 , 

Karolla 

Ifomordtca charaniia (Curcur 


20 

20 

1 


bifacece) 




13 

Khormuj (Phuti) 

Cucimis rwlo (Oucurbtfacem) 


6 

10 

14 

Kumrah 

Gucurbibi maxima {Guourhx 


10 

2 



lacece) 




15 

Kumrah Sak 

I eaves of Gucurbifa maxima 


8 

20 



{Gucurbitacecc) 




16 

Lichoo (Indian Lichi) 

Nephehum lichi (Sapindacecs) 


14 

0 

17 

Mocha 

Spadix of Musa paradisiaca 


2 

u 



(Musacece) 

1 



— 
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Table — concld 


Serial 
No ! 

Food stdits 

Umts of 
vitanun 
‘A’ 

(in 100 g) ( 

Umts of 
vitamin 
‘B/ 

,in 100 g ) 

Umts of 
vitamm 
* B * 

(m 100 g ) 

Bcncali names 

Botanical names 


1 

1 VEaETAULns — condd 





18 

1 Pam pbal 

Trapa btsptnoaa {I!oiburghit) 


18 

0 

10 

^ Polta 

Lcaacs o( Trtchosanlhts dioca 


12 

28 


1 


{Gucurbitaeea:) 




20 

1 Ranga alu 

[pomcLa hainfas {Convolmlacccc) 


12 

10 

21 

Shak aUi 

Pttchyrhtzus angttUus (Lcgiuni 


35 

100 


' 


nosce) 




22 

Uchchc 1 

Momordica charantia {Citciirbt 


4 

10 




farecc) 





Ceue^ds, poLses, etc 





23 

Chola dal 

Ciccr anclinuin (Lcgtiminosm) 

66 

15 

60 

24 

Kantlia mung (germ ) 1 


1 30 

10 

16 




Phaicohis inungo {Lcgumtnoscc) 

I 



25 


„ (ungerm ) ) 


1 100 

1 

100 

1 

36 

26 

Masuri dal 

Lena csr>il‘>nla {Lcguminosce) 

45 

40 

1 

25 

27 


Mator (Patnai) 

Pianm ancnsi' (f guminosr) 

45 

40 

80 

23 


Sona mung 

Phaai-olna radt tlii” (L^qinninosa:) 

15 

15 

0 


' 

Fish, etc 





20 

1 

Bhetki fisb 

Lates calcartfer 

33 

IG 

4 

30 


Hilsa fish 

Clupea tUsha 

4 

10 

8 

31 

1 

Kat'a fish 

1 Cafla ctiHa 

20 

0 

27 

32 

1 

Kholsa fish 

Tnchogaticr fasctalns 

33 

33 

25 

33 ' 

Koi fish 

i4na5as teatndinens 

20 

10 

2 

34 

llagur fish 

Clarias hatraclus 

10 

8 

33 

35 

Mngcl fish 

Cirrbina mngala 

33 

10 

0 

36 

[ Parse fish 

Mvgil parsia 

60 

10 

16 

37 

Rohit fish 

Labeo rdhxta 

83 

18 

50 

38 

Shiiig fish 

Saccohranchus fossUis 

25 

0 

20 

39 

Shole fish 

OpJiicepJialus sfnafvs 

20 

0 

2 

40 

Tangra fish 

Aorta tengara 

77 

0 

2 
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Summary. 

Of the forty Bengali food-stnfis investigated, Kancha-mung {Phaseohs mmgo), 
Masuri-dal {Lens esculenta), Mator-dal {Pisum arvense) are found to be the richest 
sources of vitainin Bi Begun (Egg fruit), Shak-alu {Pachyrhzus anguVns], 
Chola-dal {Cicer aiiehnum) and Mator-dal are fairly good sources of vitamin B2 
Among the fish-bodies investigated, those of Rohit {Laheo roJnta), Parse {IJvgtl 
parsia) and Tangra {Aorta tergara) were found to be rich in vitamin A It should, 
however, be pointed out that these fishes cannot compare with fish-liver oils in 
their potency for vitamin A 
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OBSERVATION ON THEJCHEMISTRY OF THE OXYTOCIC 
HORMONE OF THE PITUITARY GLAND 

Part II 

BY 

N DAS, BSC 

AND 

B C GUHA, PH D , D sc 

{From (he Biochemical Laboratory, Bengal Chemical and Pharmaceutical 
Works, Limited, Calcutta ) 


[Reoeired for pubbcation, December 29, 1933 ] 


In an earlier commumcation (Guha and Cliakravorty, 1933) the Lehaviour of 
preparations of the oxytocic hormone of the posterior lobe of the pituitary gland 
to ^aTlous chemical treatments has been described Further York is reported m 
this paper Prelnninary results obtamed ivith phosphotungstate fractionation at 
difierent hydrogen-ion concentrations and with silver nitrate-baiyta fractionation 
indicate possibihties of concentratmg the active principle bj- such methods 
Experiments on adsorption by difierent preparations of alumina and by baiium 
sulphate are also described 


Experimebtal 

The present work w as carried on with a sample of diy pow dercd extract of 
posterior lobes of bovme pituitary glands prepared according to the method pre- 
viously described (Guha and Chakravorty, loc cit) 

The oxjdocit activity of each of the preparations was tested on the isolated 
uterus of the virgin guinea-pig according to the method given bv Burn and Dale 
(1922) with slight modifications (Guha and Chakravorty, loc cii) Emo-er’s solution 
prepared from glass distilled water was always used, and all leagents employed 
were of Merck’s extra pure quabty ^ 

The greatest difficulty was faced m selectmg siutable uterme muscles In our 
experiments guinea-pigs weighmg 300 g to 350 g were found most suitable The 
standard doses, with which comparisons have been made, have alwavs been chosen 
so as to produce sub-maximal contraction of the uterus Standard doses have 

( 765 ) 
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lamp (Hanovia Home Sun, working at 220 volte and 2 amperes) at a distance ol 15 
cm for 1 kour 

The extract gradually became opalescent and finally became clear and granules 
of solid matter separated out The precipitate was centrifuged off and Ihe clear 
centrifugate made up to 10 c c [P (72)] 

Inactivation with 2NNaOH at room temperature ■ — In order to find out if our 
pituitary extracts were contammated with histamme the following experiment was 
carried out — 

Five c c of the original pitiutary extract P (84) were treated -with an equal 
volume of 2NNaOH and allowed to stand at room temperature for 2 hours Tte 
sodium hydroxide was then neutralized by adding concentrated HCl The volume 
was made up to 16 c c [P (103)] 

The results of the tests are summarised in the foUowmg table •— 


Table. 


Number of 
preparations 

Description of preparations 

Percentage of 
activity retained 
in the fracticna 
tested 

P (67) 

Phosphotungstate fraction at pH 6 0 

85 

P ( 68 ) 

$t 99 3 0 

0-10 

P (69) 

99 99 99 1 

0 

P (70) 

Final filtrate from phosphotungstate frac 
tiou at pH 1 0 

0-10 

P (61) 

Silver baryta fraction at pH 6 5 

80 

P (62) 

Filtrate from silver baryta fraction at pH 

6 5 

Filtrate after adsorption mth freshly preci 
pitated ALOj (hydrated) 

10 

P (100) 

20 

P (73) 

Filtrate after adsorption with AljO, 
(Merck, hydrated, free from alkali) 

90 

P (74) 

AI 2 O 3 chitcd with H-COj 

0 

P (82) 

Filtrate from BaSOi adsorption 

50 

P (72) 

Irradiation witli ultra violet rays 

0 

P (103) 

Treated with 2NNaOH for 2 hours 

0 


Summary 

(1) Considerable concentration of the oxytocic principle appears to 

by phosphotungstate fractionation at pH 5 0 and silver nitrate-baryta frat 
at pH 6 5 , 

(2) The hormone was fairly well .adsorbed by freshly P^^'^T^batcj a u 
but not by Merck’s alumina (hydrated, free from alkali) Barium su p 
adsorbed the hormone to some extent 

(3) The hoimone was inactivated by ultra-violet irradiation 
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CULTIVATION OF THE GONOCOCCUS FOE VACCINE 


BY 

NAEANJAN SINGH, m p l (Punjab), L p h (U P ), i m d 
{From the Central Research Institute, Kasauh ) 

[Received for pnblication, Jannory 2, 1034 ] 


The gonococcus is usually considered to be a more delicate organism than 
most patliogeuic oocci, and to Inve special requirements in regard to its conditions 
of growth and preservation on artificial media Many woikers have devised special 
media for its cultivation and have investigated the physical conditions necessary 
for growth and the nutrient constituents required 

The media described have been often of a compheated nature and have contained 
ascitic fluid, serum, whole blood (human and animal), testicular substance, etc , 
and stress has been laid on the importance of reaction, temperature of incubation, 
and the physical state of the medium Our own experience with this organism, in 
connection with its cultivation and the preservation of strams for vaccine purposes 
has indicated that comparatively simple media can be employed provided that 
certain phvsical conditions of growth are attended to 

The following notes are intended to illustrate practical experience in working 
with this organism — 


Physical conditions required 

(а) Temperature of incuhation — Jenkms (1921) gi\es the optimum temperature 
for growth as somevhat below 37 5°C , the most luxuriant growth being obtained 
at 35°C to 36°C 

Our stock organisms are grown at 37°C , the growth being satisfactory and 
luxuriant at this temperature 

(б) Moisture —A moist medium and usually one containmg water of condensa- 
tion has been considered necessary bv most workers especially m regard to obtaimng 
prunary cultures For the maintenance of a moist surface, Cook and Stafford (1921) 
incubated their cultures in a glass-jar containing a beaker of water For the same 
purpose TuUoch (1929) used a solution of brilbant green 

Certam of our strain which, when freshly isolated, were difBciilt to grow 
devdoped satisfactorily when meubated m a sealed glass-jar in which a filter-naner 
soaked with a 1 in 500 solution of perchlonde of mercury was placed ^ ^ 

( 769 ) 
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Cultivation of the Gonococcm for 'Vaccine. 


There was a tendency to the development of moulds on account of the exces‘?ivc 
moisture, but this was easily eliminated by pushing down the cotton-wool plug and 
placing a pledget of wool moistened with the perchloiide lotion over it 

(c) Medium — A blood agar prepared in the following way was used hrstod 
cultures 

Ten c c of Douglas broth agar (trypsin digest of mutton with 3 per cent agar) 
with pH 7 6 IS placed in each test-tube and sterilized at 120°C for one hour The 
tubes are cooled to 45°C and 1 c c of pigeon’s blood added to each The blood is 
rapidly mixed by rotating the tubes which are then sloped The pigeon’s blood 
provides an abundant supply of peroxidase and is especially favourable to grontli 
of the gonococcus 

The growth and the viability of six strains of the gonococcus isolated locally 
were tested on the above medium in comparison with five other media The results 
are shown in Tables I and II 

It will be seen that growth on the Douglas broth agar with pigeon’s blood ir«s 
satisfactory although not quite so heai'y m 24 hours as on chocolate blood agar 
Survival at 37°C was on the whole longer than on the other media tested, the 
average period being 20 days 

To determine the comparative yield for vaccine purposes the following tests 
were carried out — 

Twenty-five c c each of pigeon blood agar, serum agar, papam digest blood 
agar, and chocolate blood agar were placed in Petri dishes giving a surface nreaot 
38 5 square centimetres Each plate was inoculated with 3,200 million gonococci 
from a 24-hour culture suspended in 0 4 c c of normal salme The yield vas csti* 
mated after 24 hours’ incubation at 37°C 

The respective yields were — 


Medium 

Mg dned bacterial 
substance per 
sq cm 

1 Pigeon’s blood agar 

0 24 

2 Douglas agar and normal horse serum 

016 

3 Papain’s digest agar and pigeon’s blood 

018 

4. Chocolate blood agar 

018 





The higl^Vield on pigeon’s blood agar shows the suitability of tins me 
use m prepara^n of vaccine material 



Table I. 

slock strains of gonococcus after 24 hours’ incubation at 37 C 
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Oulhvation of the Gonococcus fo7 Vaccine 


Table II 


F labilitif of the six stoch strains of gonococcus on different media 

in days at li7°C 


Media 

Strains of gonococci 

A 47-1 

A 47-2 

A 47-3 

A 47-4 

A 47-5 

A 47-G 

I Douglas agar + 10 per cent, 
pigeon’s blood 

21 

23 

1 

21 

11 

23 

23 

2 Papain digest agar + 10 
per cent pigeon’s blood 

21 

1 

i 

10 

23 

G 

! 

21 

1 

1 

2C 

i _ 

3 Douglas agar -f 10 per cent 
normal liorse serum 

23 

1 

20 

17 

23 

! 

‘ 17 

1 

4 Douglas agar -{- 1 per cent 
yeast extract -}- 01 

per cent Immatin 

0 

' 10 

23 

23 

17 

11 

5 Chocolate blood agar 

17 

17 

20 

20 

12 

11 

6 Filde’s agar 

10 

14 

S 

8 


2C 


Maintenance of stb^ins 


For keeping gonococcus strains for prolonged periods without subculture TorreT 
and Buckell (1922) described a semi-solid medium which contained acces'^ory groi\ > 
principles This medium is somewhat elaborate to prepare and a trial of ‘"i 
solid medium of a simpler tgpe based on a modification of* the pigeon’s blood ago 
described has shown that this will be satisfactory for the purpose 

The semi-solid medium is prepared as follows — 

Eighteen c c of 3 per cent Douglas agar is melted and added to 450 c c 
Douglas broth This is poured into sterile test-tubes m 9 c c quantities and nga 
stenbzed at 120°C The tubes are cooled to 46°C and 1 c c of pigeon s blood a ( 
to each 


The tubes are moculated at the upper level of the medium and scaled udh 
paraffin wax over the plug 

A second medium was also prepaied consisting of 15 per cent gelatine in Doiic ■ 
broth wuth the addition of 1 c c of pigeon’s blood to each 9 c c of medium 
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The sl^I^^val period of five strains of the gonococcus in these two media after 
incuhation contmnonsly at 37°C is shown in Table III 


Table III 


Viability of the Jive stocL strains of gonococcus on the two semi-solid 
media m days at 37°C * 


Media 1 

1 StkAU^S or GOKOCOCCUS 

A 47-1 

A 47-2 

A 47-3 

A 47-4 

A 47-5 

i 

I Semi solid pigeon's blood 

92 

75 

75 

I 

' 8-i 

82 

agar 




1 


2 Pigeon’s blood gelatin 

75 

63 

62 

1 

63 


The semi-sohd pigeon’s blood agar gave longest survival, the period varying 
from two and a half to three months 


Summary 

1 Simple media for the cultivation and maintenance of strains of the 
gonococcus for vaccine purposes are described 

2 A pigeon’s blood agar has been found suitable for obtaining primary isola- 
tions and to give a satisfactory yield for vaccine 

3 A semi-sobd modification of this medium maintains strains for tw'o and a 
half to three months without subculture 

4 The importance of a sufficient supply of moisture in the case of delicate 
strains is noted and a method of ensuring this is detailed 
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776 Sandfly Fevei on the Indian Fiontiet 

These were difficulties which there was no way of surmounting with the facihties 
available to us 

As It was not known in what form blood was likely most efficiently to 
conserve the infective principle it was decided to send it in the three foliwung 
forms — 

(а) Citrated whole blood, i e , 5 c c of blood m 16 c c of 2 per cent sodram 

citrate solution 

(б) Glycerinated whole blood, i e , 5 c c of blood in 6 c c of 50 per cent 

glycerme 

(c) Citrated-glycermated blood, i e , 6 c c of (o) mixture in 6 c c of 60 per 
cent glycerine 

As the work was carried on duimg the middle of the hot weather, the journey 
from Peshawar to Kasauli occupied approximately 24 hours, and the blood was taken 
on the day previous to its despatch, and was sent either by messenger or post 
without any special precautions for cooling it, it will be evident that there was 
every hkehhood of any but a fairly resistant virus dymg out between the taking of 
the blood at Peshawar and its use in Kasauli The average interval elapsing 
between the two operations was sixty hours 


Previously recorded laboratory bindings 


The most impoitant laboratory findings as recorded by previous workers on 
sandfly fever are enumerated below and will later be considered in more detnil 
in relation to our own observations 

1 Blood taken from a paHent on the fiist day of the fever lohen 

into man pioduces a typical attack of the fever after the usual inwhahcii 
penod (Doerr, Franz and Taussig, 1909 , Birt, 1910) 

2 Blood passed through a fine filter can still convey the typical feva ida 

inoculated into a susceptible peison (Doerr, Franz and Taussig, 
1909 , Birt, 1910) 

3 Phlebotomus/^es/ed upon a patient suffering fo om the fever, when 

to a non-endemic area and fed on susceptible pel sons, convey tnedv^ea 
to the lattei (Doerr, Franz and Taussig, 1909 , Birt, 1910) ^ 

4 The flies do not become infective until seven to ten days after 

on a fever case (Doerr, Franz and Taussig, 1909 , Birt, J9 ) ^ 

5 The inaubation penod varies between thee and a half days and scun ay 

(Doerr and EUss, 1909 , Birt, 1910) 

6 The mi us letains its'^nfectivity for a week in vitro (Birt, 1910) 

7 Expenmental animals are immune to the disease (But, 1910) 

8 No visible causative agent has been demonstrated in the bhod J 

mici oscopical or oultuial examination (Doerr, Franz and lauss g, 


Birt, 1910) 

9 A Leptospua has been isolated fiom cases of so-called sanijiJ 

(Whittingham, 1921, Vervoort, 1922) tew here 

In order to give the clearest account of our ownfindmgs and ^ jt Pas 
they confirm or dffiei from those recorded by the other workers re e 
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seemed to us most convemeut to deal witlitliem sc? under tlie headings Tve 
have used above in summarizing the conclusions of these vrorkers 

1 Blood talen from a paUeiit m the first daij of the fever when 
inoculated into man jnodvccs a typical attack of the 
fever after the usual incubation penod 

The impression one gathers from the literature quoted is that the virus has 
disappeared from the peripheral circulation by the second day of the disease It 
vas on this account that the majority of the blood samples sent to Kasauh from 
Peshavrar for test were taken on the first day of the disease In Table I given 
below are recorded the results of inoculating the bloods into volunteers in Kasauh 
from the point of view of the infectmty of the blood on the first and second days 
of the fever — 


Table I 


Shoiomg the number of infections obtained by inoculating into volunteers 
' the blood of sandfly fever cases talen on the first and second 

days of the attacks 



Number of 
bloflds used 

Number of 
cases of fever 
produced 

Tjpjcal 

Modified * 

First day bloods 

10 

7 I 

6 

1 

Second day bloods 

4 

2 

1 

1 

Totals 

14 

9 

7 

2 


* Modified cases — -No cass was considered as a ‘positive’ unless there was actual iever Those 
cases in nhich the fever was only of moderate intensitv and short duration were called ‘modified 
cases ’ The discomfort, m the form of vanous aches, pains and general malaise of some of the cases 
was considerable and often lasted for some days beyond the actual duration of the fever 

It wfil be seen from the table that, contrary to the impression conveyed by 
previous work, there is probably a considerable percentage of cases in which blood 
IS stiU infective on the second day of the fever No investigation on this point 
was made beyond the second day of fever 

The dose of the inoculum varied with the concentration of the blood, an 
attempt being made m each case to give the equivalent of 0 7 c c of whole 
undiluted blood 

As regards the best method of sendmg blood for the esperiments the numbers 
used were too small for us to come to any decision but, m practice, successful 
trans^sions of fever to man or monkey were produced by aU the methods mentioned 
IS well as by direct inoculation of fresh whole blood from fever cases to volunteer^’ 
The latter Process was carried out by inoculating the blood of fever cases produced 
in Kasami from the Peshawar bloods mto a second series of volunteers The actual 
figures for these experiments are given below m Table II — 
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Sandfly Fever on the Indian honker. 


Table II 


Showing the numhei of infections of sandfly fevei produced m man by 
blood inoculation according to the fojni in winch 
ilie blood was used 



Number of 

Number of 



Condition of blood 

bloods 

fever cases 

Typical 

Modified 


inoculated 

produced 


Citrated whole blood 
Glvcennated whole 

14 

7 

5 

2 

blood* 





Citrated glycerinated 
blood 

Fresh whole blood 

10 

2 

2 


1 




ToTAts j 

25 

9 

7 

i 


* Glycerinated wliole blood was used for infection m monkeys only 


2 Blood passed though a fine filtei can still convey the typical fever 
when inoculated into a susceptible peison 

The quantities of blood received by us were comparatively small and, hemg 
mostly used in the direct inoculation expeiiments, not much v?as available for 
filtration Such experiments as were done, however, showed that the infective 
principle was capable of passing a compaiatively fine filter and retaining its virulence 
The filters used by us were L3 and L5 Chamberland candles 

The results of the experiments are given m Table III The dose of filtrate 
used for inoculation varied from 38cc tolOcc — 


Table III 

Showing the lesults of fiUiation experiments 


Condition of blood 
before filtration 

Number of 
filtrates 
inoculated 

Number of 
fever cases 
produced 

Typical 

Modified 

1 

1 

Citrated whole blood 

4 

2 

2 


Citrated glycennated 
blood 

2 

1 

1 1 


TcVls 

6 

1 

! 3 

3 



The temperature charts of all the cases of sandhy lever inuuoou 
the inoculation of\lood, whatever its form, or filtrates of blood, ar 

Chart 1 — 



E E SJiorU, L T Poole and, E D Stephens 


79 


I 







O 5 

"3 > 


•*2 o 

> C 
£ o 
o ^ 
cc ^ 

o p 
— CJ 

^ 2 
o S 


























































































780 


Sand^jly Fever on the Indian Ftontm 


3. Phlebofcomus flies fed upon a patient suffering from the fever when 
conveyed to a non-endemic area and fed on susceptible persons 
Convey the disease to the latter 

Eight batches of laboiatoiy-bred P papatasi which had been fed on cases of 
sandfly fever at Peshawai oi Landikotal were received by post or passenger trair 
in Easauli These flies were sent in the mosquito despatch boxes devised by Bairaut 
(1929; The total number of flies despatched was 110 Of these 69 arrived alive 
32 dead and 9 were not accounted for Of the 69 flies which ariived ahve onlv If 
fed on volunteers Eight volunteers were used As the flies when received ir 
Kasauli had fed only three or four days previously it was considered that the third 
and subsequent feeds weie most likely to be the infective ones The second feed 
(or first m Kasauh) was given to keep the flies ahve and the third and subsequent 

Chabt 2 



Sandfly fever induced by bites of sandflies 


feeds were onlthe most suitable volunteers Of the eight volunteers 
upon once, fivb were fed upon twice, one was fed upon three tunes, 
upon fohr tunes' and one was fed upon five tunes ^ 

Two 'toluntkrs developed fever, their histones being as follows 
FoknieV PerV male —On 22nd August thr®c fij^s 

originally fever cases in Landikotal between 
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16th August were fed upon the volunteer One of the flies took only a partial 
feed This fly was again fed on the volunteer on the succeeding day 

On 25th August the volunteer developed fever which lasted for three days 
Unfortunately, the boy lived in a village and did not report sick until the third day 
so that no record of his temperature was made AVhen seen on the 27th August 
the fever was subsiding and the temperatuie was normal on the morning of 28th 
Au<Tust On the 27th the patient’s face was flushed, the eyes were sufiused and 
he complained of pams all over the body and headache The pulse rate was slow, 
80 per minute No coryza, cough or any other symptoms winch could account 
for the fever were present at any time We have no doubt in our minds that 
this was a genuine case of sandfly fever transimtted by the bites of sandflies 
fed at Landikotal six to nine days previously on sandfly fever cases It is 
unfortunate that owing to the nou-reporting of the lUness the temperature was 
not recorded 

YoluMeer Kimla, age 11, male — On 21st September one fly which had 
originally fed on a sandfly fever case in Landikotal on 16th September was fed 
upon the volunteei The feed was partial On 22nd, 23rd and 24th September 
tlmee, two and two flies respectively of the same batch were fed , all these feeds 
were partial 

On 5th October, 10 days after the last feed, the volunteer complained 
of fever The fever lasted for three dajs There was complaint of pain 
behind the eyes, which were strongly injected, pains aU over the body and 
headache The pulse rate was markedly slow considermg the degree of fever and 
the age of the patient, being 80 per minute Chart 2 shows the progress of 
the fever m this case 

If this case was a genuine one of sandfly fever the incubation period was 
longer than usual and for this reason we make the diagnosis with reserve 


4 The flies do not become infective until seven to ten days after then 

meal on a fever case 

In the two cases of fever recorded by us above the flies may be said to 
have become infective between the minimum and maximum of six davs 
and eight days 


5 The incubation period varies between three and a half and 

seven days 

In the case of fevers following feeds by infected sandflies the incubation period 
varied in the two cases recorded by us between minim a, and maxima of three 
days and 10 days In our series of inoculation experiments the minimum and 
maximum incubation periods for typical cases of the fever, as measured by the 
interval elapsing between the time of moculation and the firstonsetof fever were 
three and six days, the average time for the seven positive typical ’cases 

being 4 4 days In one of tke two modified attacks the incubation period 
was three days and m the other five days iJcima 
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6 The vims retains its infectivity for a 'weel in vitio 

In all our expeiiments we endeavoured to use the bloods sent from Peshawar 
as soon as possible aftei receipt as we were not, at the time, especially concerned 
to see how long the virus survived m miro, but lathei to utihze the blood while the 
virus was still alive 

In one case, however, 10 c c of the filtrate from a L13 Chamherland caudle 
from a mixtui e of specimens of citiated whole blood and citrated-glycerinatcd 
blood of a sandfly fever case, kept in the ice-chest for 14 days, was inoculated into a 
monkey and appeared to be virulent This experiment is dealt with below in the 
section deabng with animal experiments 


7 Fxpeiimental animals ate immune to the disease 


We have no conclusive evidence to offer either for or against this statement but 
certain of our experiments would appear to suggest that at least m the case of 
monkeys it may be possible to reproduce the disease by moculation 

The experiments conducted by us consisted m passaging human blood of sandfl) 
fever cases into monkeys {Maeacus rhesus), and monkey blood into humans and 
monkeys For convemence these different experiments will be considered scmim 
in the groups mdicated above but, before doing so, it will be necessaiy to make a 
few remarks on certam fallacies which had to be guarded agamst and various factors 
which had to be taken into consideration m interpreting our results 

In a disease such as sandfly fever, where one is dependent foi diagnosis on 
clinical signs and subjective symptoms, it is essential that these signs and syinptoins 
should be t 5 rpical and unequivocal before the assertion is made m any particninr 
case that the condition induced as the result of a certam experiment is really sanclny 
fever When one is dealing with animals the subjective symptoms are mled out ns 
unascertamable and diagnosis has to be made on clinical signs alone Thisuoulo 
be fairly satisfactory wcie they present in typical form and degree but, if we arc 
dealing with an animal but mildly susceptible to the disease, it is likely that the 
signs as well as the symptoms will be modified in kind or degree or both This is 
the less remaikable when we considei that in man himself, who is highly susceptib e 
to sandfly fever, modified attacks may and do occur It is on account of these 
considerations that we lay no claim actually to have transmitted the disease o 
monkeys but merely pomt out that some of our experiments suggest that such was 
the case, albeit the disease was mild in degree and the signs more evanescent than m 


the more highly susceptible human being 

The mam factors on which we had to rely in making our diagnosis in the 
monkeys were the temperature and the incubation period and the latter ha o 
gauged by the former alone 

Two of us have had a very large experience of dealing with monkeys 
the numbers used by us m expernnents in connection with rabies and , 
therefore fully cogmzant of the variations m temperature ei^ibitcd W ’ 
and it became essential to include an elaborate system of controls m our exp 
To do thisVe decided to take all the temperatures at the same hour cac 
take the teifllperanures of normal monkeys at the same time, and to emp ) 
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monkeys into vrliicli normal monkey and human bloods bad been inoculated in tbe 
same amounts as the infected blood mto tbe experunental monkeys In addition, 
tbe temperatures of 20 normal monkeys u ere taken at tbe same time in order to 
establish a piovisional mean normal temperatuie for tbe time of day and other 
conditions prevailing 

Tbe continuous bold Ime m Chart 3 shows grapbicalh' tbe temperatures of 20 
normal monkeys taken at the same time of day (4pm) superimposed on tbe 
maximum temperatures of 18 of tbe experimental monke 3 S used in this investi- 
gation It vrill be seen that tbe variations lie vitbm one degree Pabrenbeit Tbe 
average temperature of these 20 monkeys taken at tbe time stated was 102 3 F 


Chart 3 



Roman numerals = Experimental monkeys I to XVIII 
Arabic „ = Tmentv normal moukevs 

Contmuous line = Temperatures o! 20 normal monkeys taken at the same hour on one day 

Columns = Maximum temperatures of monkeys I to XVIII and controls 


Experiments in lelnch human blood of sandfly feier cases uas inoculated into 
monheys — Tbe human blood specimens used in these experiments were m some 
cases sent from Landikotal or Peshawar and had therefore undergone a three-day 
exposure to tbe beat of tbe plains as well as a long railway journey In other cases 
tbe specimens were freshly drawn blood from cases of sandfly fever induced in 
Kasauh by inoculation of tbe Peshawar bloods 

The only cbmeal indication available of successful infection of the monkeys 
was a rise of temperature which persisted for some time above the point considered 
the daily maximum under normal conditions As a control agamst the possible 
thermogemc effect of moculation of blood alone certain controls were given mocula- 
tions of normal human blood This was found actually to cause a shght rise of 
temperature and therefore cases in which supposedly infective bloods caused no 
greater rise than m these controls were not looked upon as positive results This, 
however, does not rule out tbe possibdity that their blood may have contained the 
virus, as certam of our results seemed to indicate this as a possibihty Thus, the 
blood of monkeys I and II m which the temperature rose only 4<rhtly above 
103°F (although this was higher than the normal human blood control monkeys) 

produced definite fever in monkeys IV, V and ni and therefore presumably 
contamed tbe mms v J 
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Using, then, temperature as our criterion we found that out of 11 mouke}s 
moculated with the blood of sandfly fever cases five contracted definite fever, wliilo 
SIX showed no fever or only a transient rise as compared with the coutiol 
monkeys wiuch received an inoculation of normal human blood 

In combmed Chart 4 we have given the temperatures of these five monkeys 
which appeared to show a definite short fever of greater degree than would be caused 
by in]ection of normal human blood alone The temperature chart of a nioiike) 
receiving an equal amount of normal human blood is also given for compaiison, aud, 
as a background to the charts, the provisional normal temperature for monkeys is 
given as a straight line at 102 3®F 

A glance at the individual charts wiU show that there is a distinct difference in 
temperature between them and the control monkey in the case of monkeys VIII, 
IX, and X but much less m the case of monlceys I and II 

The incubation period appears shorter than m the case of similar experunents 
with human beings but it has to be remembered that a much greater volume o! 
blood relative to body weight was inoculated in the case of the monkeys 

Exfeivnients in which supposedly infective monkey’s blood was inoculated into 
monkeys Seven experiments were cairied out m this series In each case themonkey 
received into the loose tissues of the abdomen 6 c c of freshly drawn blood of a 
monkey infected from a human case Three out of the seven monkeys became 
infected judgmg by the criteria laid down by us for the ammal experiments 

The charts of these monkeys aie given in combmed Chart 4 together with flic 
chart of one of the control monkeys moculated at the same tune with the same 
amount of normal monkey blood 


It wiU be seen that there is an incubation period of three or four days and 
that the fever lasted for one to five days The control monkey showed the relatively 
small rise of temperature which has been previously mentioned 

Expenments in which supposedly inf ective monkey’ s blood ivas inoculated ndo^ 
humans — Three such experiments were carried out In each case the mon f) 
used had been infected by means of blood sent from Peshawar In two ol ic 
cases 10 c c of citrated-glycerinated blood, sent as such from Peshawar, was use o 
infecting the monkeys (monlceys IX and X) In the third case the infection o > 
monkey (monkey VIII) was brought about by 10 c c of a filtrate through , 
Chamberland candle of a mixture of citrated blood and citrated-glycerinate 
of the same individual The filtration wa^ performed in Kasauli after ° 

bloods from Peshawar All these monkeys became mfected, as judged y 
criteria for infection in animals we have already discussed Their 
charts are shown on combined Chart 4 From each of these monkeys 
freshly drawn whole blood was moculated into a human volunteer lu 
tissues of the abdomen 

iW two cases the results were negative as regards use of i of 

them ^mpiained of headache and vertigo on the sixth day k 

infection— temjVrature normal The next day he complained of headc < 
at the site of insulation The symptoms cleared up on the ^“^f ^^^-teiupcraturc 
complained of he^ache and vertigo on the seventh day after ^ 

93 30 J’ — pulse S^site of injection swollen and tender. Cleared up n 
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Tho tomporoturo charts of monkeys mfootod by inoculation of human and monkey infective bloods 
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Sandfly Feoer on tie Indian Frontier 


In the third case tlie volunteer contracted a definite, though modified, attecl 
of sandfly fever as ■will be seen by a reference to Chart 6 

Apart from the low temperature in this ease the other signs and symptom of 
sandfly fever "were quite typically manifested In recording our findings in tjip 
human cases we adopted, at the beginning of our experiments, a pro farma vdiicli 
included all the signs and symptoms of sandfly fever described by various otserverb 
or seen m our own experience A part of this pro foima is given ivitli Chart 5 

Chart 5 
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Sandfly fever induced in human volunteer by inoculation of infective 

monkey’s blood 

completed for the patient m question as an indication of the completeness of fht 
evidence that the case reaUy was a mild case of sandfly fever 

In the pro foima the signs and symptoms which we consider most importan 
the diagnosis of sandfly fever are underlined and it will be seen that mos o 
were shown by the patient The incubation period was five days and the ^ ‘ j 
of the fever three days Malaise, headache and mjected conjunctivse 
symptoms Extremely characteristic was the slow pulse which mam am 
level throughout the fever and for some days afterwards The puise ra 
individual'Xbas smee returned to its normal rate of 72 per mmute 

The fa(^ that the attack was a comparatively mild one may have een 
the attenuat'^W of the "virus by passage through a monkey but, on c 
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it may "have been due to a relative immumty, for several of our volunteers ■who "were 
inoculated ■with infective human blood complained of malaise and vague muscle 
aches yet did not actually develop fever and so have been put down by us as 
failures in infection 

To exclude the possibihty that the inoculation mto human subjects of normal 
monkey blood might produce the results recorded in these cases, two human controls 
were each moculated in a manner similar to the volunteers with 5 c c of freshly 
dra^wn normal monkey blood The temperature, pulse and symptoms were recorded 
daily for one week There was no rise of temperature and the only complamt was 
shght tenderness at the site of moculation on the day foUo^wmg the operation 


8 A^o visible causative agent has been demonstrated in the blood by 

direct microscopical or cultural examination 

In all the typical cases of sandfly fever mduced by us in Kasauh the blood was 
very carefully esanuned microscopically With the exception of one case which 
wdl be mentioned m the next section no ■visible micro-organisms were encountered 
The freshly dra^wn blood of six of the mduced cases was cultured in Pletcher’s medium 
Six tubes of medium were inoculated from each case, about 0 75 c c of blood per 
tube being used In no case was any causative micro-orgamsm demonstrated and 
the cultures remamed sterile 

9 A Leptospira has been isolated from cases of so-called sandfly feiei 

As stated m the last section the bloods of all the cases of sandflv fever Induced 
at Kasauh were carefully exammed In one stamed blood shde from volunteer 
No 28 a smgle defimte spirochsetal organism was seen Further shdes taken from 
the same case faded to reveal any more organisms Inoculation of blood mto 
Fletcher’s medium had been carried out at the same time at which the blood shde 
was made These cidtures remamed sterde It was thought that the most probable 
source of the smgle organism was the distdled water used in ddutmg the Leishman’s 
stam used A sample of the water m the bottle was centrifuged and the deposit 
stamed and exammed Scrapings from the stopper of the bottle were simdarly 
exammed and the samples were also exammed by darkground dlummation These 
exammations showed the presence of a variety of bacteria and, although no leptos- 
pira was noted, it is considered that the water was the probable source of the one 
specimen seen m the stamed blood shde 


>SuMSLAEY AKD COXCLUSIOKS 

1 Blood specmiens of sandfly fever cases from the Indian Frontier sent to 
Kasauh produced tvpical sandfly fever m human volunteers when inoculated sub- 
cutaneously 

2 Fre J blood from a locaUy induced case m Kasauli produced typical sandflv 

fever m another volunteer when moculated subcutaneously 

1 ^ Fr^h whole hlood citeated ivhole blood, glycermated whole blood citrated 
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4 Inoculation of infective human blood appears to have induced sandfly fever 
in monkeys 

5 Inoculation of infective monkey’s blood appears to have induced a mild 
but definite attack of sandfly fever in a human volunteer 

6 Inoculation of infective monkey’s blood appears to have induced sandfly 
fever in monkeys 

7 The bites of sandflies fed on the Indian Frontier on cases of sandfly fever 
appear to have induced attacks of sandfly I fever when fed upon volunteers in 
Kasauli 
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BACTEEIOPHAGE IN THE TREATMENT AND 
PRE’S^NTION OF CHOLERA 
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Part I 

CHOLERA IN NOAYGONG AND HABIGANJ 

The events which, led to the trial of bacteriophage for the prevention of cholera 
by a method which is a corollary to the view advanced by d’Herelle (1926) that 
cholera epidemics are brought to an end by the dissemmation of bacteriophage, 
began with a village epidemic of 143 cases of cholera (Morison and Pal Choudhury, 
1930) This epidemic lasted 19 days On and after the tenth day bacteriophage 
•was liberally used The mortality of the cases treated -with bacteriophage dropped 
at once Eifty-one out of 57 cases treated wuth bacteriophage recovered and six 
untreated cases during the same period all died The graph of this epidemic, given 
on page 26 of a recent brochure (Morison, 1932), gives no evidence that bacterio- 
phage shortened the epidemic even if we ascribe to the bacteriophage the dramatic 
change in the mortahty , but, if the drop in the mortahty was significant and not an 
accident, the graph suggested that the earlv admimstration of bacteriophage in 
villages, by the villagers themselves, might effect a material reduction m the 
mortahty over areas, large enough to be statistically important, where cholera 


* For the services of Dr E M Kice, Tve are indebted to a grant from the Boval Society 

and for those of Dr B K Pal Choudhury to the Indian Research Fund Association 
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prolonged absence of cholera from Non gong has not happened before and both 
graphs hane been brought up to December 1932''' (Graph 1) 

During 1932, the incidence of cholera throughout the Province of Assam was 
relatively lo-sv, but Novrgong passed through a severe test Cholera u as epidemic 
in theKamrup, Darraug and Sibsagar districts, that is, on three sides of the Nms gong 
espeiiraental area Eail, river and road traffic constantly pasjs through these 
epidemic areas into the experimental area In Kamrup, the district adjoining 
Nongon^r on the west, there was, during the first nine months of the year, a senes 
of outbreaks of cholera with 2,139 deaths On 1st July, cholera was carried by a 
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Nepali travelbng from Kamrup by railway through tlie Non gong district to 
Sibsagar district, which adjoins Non gong on the east This man was removed 
from the train with cholera and died on 7th July, but he gave rise to 698 known 
cases with 268 deaths Following this epidemic, minor outbreaks with 161 deaths 
^ok place in the Jorhat and Golaghat sub-dnisions of Sibsagar along the Assam 
Trunk Eoad, nestwards to Eokakhat, the nearest large village settlement to 
Nowgong district, 15 miles from it 

North of Non gong is Dariang district, where, during September, October, 
November and Decembei. there was an outbreak of 481 cases with 3l7deat£ 


* Nowgong continued free from cholera during 1933 
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The focus of this epidemic was across the Brahmaputra and not more thou foe 
miles from Silghat In Nowgong there is constant ferry traffic between the place 
where cholera was in Darrang and Silghat Silghat is where the Kalangiiui 
leaves the Brahmaputra to flow through Nowgong district It has beenlookil 
upon as the place where serious epidemics in Nowgong are most likely to arise 
Throughout the whole year, and under these conditions in the surrounding 
districts, there were only 27 deaths from cholera in Nowgong, a mortality of oJ 
per 10,000, the lowest mortality in the Province Protective vaccination as 
wholly discontinued in Nowgong during 1932 and no special measures ere taken 
other than the distribution of bacteriophage for diarrhoea, dysentery and suspected 
cholera Weekly reports from the distributing staff of the Public Health Depart 
ment, many of which have been checked in the villages themselves by oiuonn 
staff, show that 3,906 cases of diarrhoea, dysentery and suspected cholera iierc 
treated with bacteriophage Of all these only 52 cases died The small mimlier 
of deaths shows that bacteriophage is being largely used, as is intended, for mild 
cases as well as for the more severe 

Until June, Habiganj was the control area to Nowgong There anti cliolera 
vaccination had been energetically used together with propaganda and tlic 
treatment of cholera cases with essential oils or permanganate Habigaiij, 
during 1932, had the usual spring epidemic, when there were 474 deaths up till 
30th June 

Habigan] was chosen in December 1929, as a control to Nowgong onlybecau'i: 
it was not possible, at that time, to use it as an experimental area It has seried 
its purpose But we have always considered that Habigan] is well situated to bea 
parallel experiment to Nowgong and permission to use it as such was obtained m 
June 1932 At the end of June, the distribution of bacteriophage to the villages 
along the Barak river in Habigan] was begun and, to make the expernnent definite, 
all vaccination was stopped, as it had already been stopped in Nowgong Horn 
June 1932, therefore, we have two parallel experiments 

Considering the distribution of bacteriophage in Nowgong and Habigan] as 
two parallel experiments, the one beginmng in December 1929, and the other in 
June 1932, we have to place beside each its appropriate contiols These contra | 
are (1) the previous incidence of cholera in each area, (2) the incidence o 
cholera in similar areas in the same valley 

Previous incidence of cholera in Nowgong 

Since the experiment began in Nowgong three full years have ^dapsed^ Tbc 
deaths per 10,000 of the population have been for 1930, 0 99 , for ^ pph 
for 1932, 0 46* The death rates month by month since January 1906 have 

calculated (Table XXXVII-see Appendix), the three lowest yearly deatt raj 

between 1906 and 1929 were 1 34 in 1918, 1 42 in 1920 and 1 62 in 1923 , 

been no period of three consecutive years previous to 1930 m which the aca 
have been comparable to those of 1930, 1931 and 1932 The period of 
covers six epidemic seasons , for cholera is liable to occur between iiiarcJi a 
and again between September and January It is sufficiently jo co i 
with a ‘ moving average ’ of cholera deaths during every three-year yp 


* For 1933 the death rate from cholera ivas 0 36 
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1906 This IS plotted m Graph 2 The graph is sharply divided into three periods 
aneriodof severe incidence, 1906-1919 , a period of moderate incidence, 1920-1929 , 
and a period, 1930-1932, m which theie was little cholera culminating in the full 
three-yearly period of the experiment 


Graph 2 

CHOLBEA in NOWGONG- 


Moving Average of deaths per 10000 of population for 
three yearly periods 



After March 1919 every mmiigrant coolie to the Assam tea-gardens recruited 
by the Tea District Labour Association was vaccmated before he left the recruiting 
depots throughout India for the journey, under crowded conditions bv rail and 
steamer, of three to ten daj s to his tea-garden , a journey during which cholera was 
notoriously liabk to occur The compulsory vaccination of imimgrants, of whom 
from 22,000 to 92,000 come every vear to Assam, evidently hindered the importa- 
tion of cholera but did not materially affect the endemic cholera of the villages 
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where reliance was placed on propaganda and vaccination after news of an 
epidemic had been received 


Incidence of cholera in control areas 

In the Brahmaputra Valley, in which Nowgong lies, the other districts are 
Goalpara, Kami up, Darrang, Sibsagar and Lakhimpur In two unportantrespects, 
Sibsagar and Lakhimpur difiei fiom the other districts in the valley In the first 
place, in neither Sibsagai noi Lakhimpiu are there dying rivers along which epide 
mics spread wnth facility, as are met ■with in the other districts In the second 
place, tea-gaidon labour foims a large pioportion of their population In 191P, 
w hen, owing to the famine and distress caused by influenza, labour flowed freelj to 
Assam, there ivas a severe epidemic of choleia in Lower Bengal thiough winch 
these immigrant labourers passed by river or rail to Assam Large numbers fell 
ill on the way and brought choleia wuth them to the tea-gardens The gardens of 
Sibsagar and Lakhimpur were particularly affected The adoption of compulsor) 
vaccination for immigrant labour affected beneficially the tea distiicte The 
districts most concerned wuth the importation of labour, Sibsagar and Lalhunpiir, 
exhibit, from 1920 onwards, a giaph foi cholera which is a stiiking contrast to that 
of the preceding years from 1906 (Graph 3, Tables XXXYIII and KXXlX—oW 
Appendix) Vaccination of immigrant labour before tliat labour left the lecrm 
ting depots in different parts of India lessened the importation of cholera There 
was no widespread vaccination in the tea-gardens themselves It is the importation 
of infection that is guarded against This, of course, is not applicable to Yillages 
which preponderate in the districts of the Brahmaputra Valley other thanlaldiiin 
pur and Sibsagar For these two reasons neither Sibsagar nor Lahhimpur are 
suitable contiols to Nowgong 

Of the remainmg three districts, Kamiup, Goalpara or Daiiaug, it "oiiW 
appear from Graph 3 and Tables XXXIV, XXXV and XXXVI (see Appendix) 
that any one may be taken as a control Darrang which adjoins Xowgong on ic 
opposite banlc of the Brahmaputra seems the most appropriate , but, as far as nc 
can judge, the choice is immaterial 

We have examined the correlation for the deaths per 10,000 of the popu abon 
month by month in Nowgong and Darrang from 1906 to 1929 , that is ' 
months (Table I) The correlation is -j- 0 611 ± 0 037 The significance o 
has been tested by the calculation of ‘ i ’ , t — 13 062 and 71 — less than 0 > ‘^1 

IS to say, that the probability of this correlation occurrmg by chaime ? n, 
13 less than 1 in 100 (Fisher, 1930) With such a correlation 
the knowledges that the districts are similar in climate, rainfall, and, for 
part, in soil, the two areas are as similar as any two areas of 3,896 square 
2,842 square lAiles are likely to be , 

We consider epidemic cholera to have broken out in a district 
from cholera in\iny month are more than 0 5 per 10,000 of the popu a 
population of Dtong being 355,077 in 1906 and 596,833 in ’ Vim, number. 
0 5 per 10,000 is ^uivalent to about 25 deaths from cholera unae ^g^tion 
the cases are considered sporadic and the diagnosis may localized 

■\Vhen over this nupaber, an inspection of the records shows aenn y 

outbreaks 
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Tabi,e II 


Gouelahon beUiecn death rates in Noitgong and, m Danang, 1930-1932 



Nowgono 


DAIlBA^O 


Deaths 

Deviation 


Deaths 

Deviation 


Product 

i^y) 

per 

10.000 

from mean 
(x) 

Deviation- 

per 

10,000 

from mean 
(2/) 

Dei iiitiorj" 

0 11 

0 034 

0 001156 

0 05 

-0 4464 

0 19927 

-OOlolS 

0 09 

0 014 

0 000106 

0 33 

-0 1664 

0 02760 

-000233 

0 06 

-0 016 

0 000256 

0 05 

-0 4464 

0 19927 

0 00714 

0 11 

0 034 

0 001156 

0 16 

-0 3364 

0 11316 

-001144 

0 35 

0 274 

0 075076 

0 37 

-0 1264 

0 01508 

-0 034G3 

0 00 

-0 076 

0 005776 

0 52 

0 0236 

0 00056 

-000170 

0 22 

0 141 

0 020736 

0 21 

-0 2864 

0 08202 

-0 03404 

0 40 

0 324 

0 104976 

0 17 

-0 3264 

0 10654 

-0 10575 

0 00 

-0 076 

0 005776 

0 02 

-0 4764 

0 22606 

0 03621 

0 09 

0 014 

0 000190 

0 19 

-0 3064 

0 09388 

-0 00420 

0 07 

-0 006 

0 000036 

0 21 

-0 2864 

0 08202 

0 00172 

0 00 

-0 076 

0 005776 

1 10 

0 6036 

0 364.33 

-004787 

0 00 

-0 076 

0 005776 

0 42 

-0 0764 

0 00584 

0 00781 

0 00 

-0 076 

0 005776 

012 

-0 3764 

0 141G8 

0 02861 

0 12 

0 044 

0 001936 

0 24 

-0 2564 

0 06''’74 

-0 01128 

0 00 

-0 076 

0 005776 

0 17 

-0 3264 

0 10654 

0 02481 

0 07 

-0 006 

0 000036 

0 67 

0 1736 

0 03014 

— u 00] 04 

0 02 

-0 056 

0 003136 

0 10 

-0 3964 

0 15713 

0 02220 

0 02 

-0 056 

0 003136 

0 20 

-0 2064 

0 04260 

0 01156 

0 00 

-0 076 

0 005776 

0 03 

-0 4064 

0 21753 

0 03540 

0 017S7 

0 04 

-0 036 

0 001296 

0 00 

-0 4964 

0 24641 

0 21 

0 134 

0 017956 

0 07 

-0 4264 

0 18182 

—0 06714 
-0 02000 

0 OOGOO 
-0 01471 

0 016C0 

0 01403 
OOOSll 
-0 00 .60 

0 00075 
-0 02245 

0 00381 
-0 03903 

0 01779 

0 02409 

0 14 

0 064 

0 004096 

0 17 

-0 3264 

0 10654 

016 

0 084 

0 007056 

1 64 

1 1436 

1 30782 

0 00 

-0 070 

0 005776 

0 60 

0 1936 

0 03743 

0 02 

-0 056 

0 003136 

0 20 

-0 2964 

0 08702 

0 00 

-0 076 

0 005776 

0 30 

-0 1964 

0 03857 

0 03 

-0 046 

0 002116 

0 32 

-01764 

0 03112 

0 07 

-0 006 

0 000036 

1 49 

0 0936 

0 98724 

0 09 

0*014 

0 000196 

0 55 

0 0536 

0 00287 

0 05 

-0 025 

0 000676 

1 36 

0 8636 

0 74680 

0 05 

-0 026 

0 000676 

5 35 

-0 l‘t64 

0 02143 

0 00 

-0 076 

0 005776 

1 01 

0 5136 

0 26378 

0 12 

0 044 

0 001936 

0 92 

0 4236 

0 17944 

0 03 

-0 046 

0 002110 

1 02 

0 6236 

0 27416 

-0 14103 

0 00 

-0 076 

0 005776 

2 30 

1 8636 

3 47300 
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Eeturmng now to the period 1906-1929, Darrang had a death rate above 05 
in 178 months out of a total of 288 months The probability of any one montii 

having more than 0 5 deaths per 10,000 was ||| or 0 618 We might, therefore, 

expect more than 0 5 deaths per 10,000 in about 22 of the 36 succeeding months, 
the actual numbei was 12 

In Nowgong from 1906 to 1929 there were 130 months out of 288 in which the 
deaths from cholera exceeded 0 5 per 10,000 The probability of any one month 

having more than 0 5 deaths per 10,000 was ||| or 0 451 During the next 41 

months January 1930-May 1933 we might have expected 18 months to have had 
more than 0 5 deaths per 10,000 , actually there were none 

If a common cause had reduced the cholera in Nowgong and in Darrang during 
the last three years, but had done so to a much greater extent in the former than m 
the latter, it is probable that there should stdl remain a correlation between cholera 
deaths in both areas We have worked out this correlation , ^ — 0 1 in contrast 

to r = 4- 0 6 for the previous 288 mouths (Table 11^ 

It IS, therefore, apparent that whether we take as a control for Nowgong 
the distant area of Habigan], the previous history of Nowgong itself or the 
adjacent area of Darrang the result is the same Something has happened 
in Nowgong which has not happened before and has not happened in the control 
areas 

In Habigan] the experiment began m July 1932, and in our graph (Graph 4, 
Tables XL to XLV — see Appendix) we have set forth the previous history of this 
and of the adjoimng areas of North Sylhet, South Sylhet, Sunamgan], Karimgan) 
and Cachar Gachar, like Lakhimpur, has many tea-gardens but the other areas 
are fan controls to Habiganj, provided that Habigan] is not, as there is now reason 
to suspect, a source from which the other districts are infected 

The stage is set for this second experiment Both experiments, we believe, 
meet, as far as is practicable in Assam, the suggestion kindly made to us by Professor 
Greenwood, f r s , that the country should be divided as m an agricultural tes 
We have m the Brahmaputra Valley four ‘ plots ’ as nearly as possible similar in 
natural features, climate and race and, m the Surma Valley (Sylhet and Cachar/, 
we have six plots again similar From each valley we selected one plot ^ 
experiment for no other reason than that it was notoriously liable to cholera ' 
funds are available we propose to extend the experiment to plot after plot 


Distribution organization 

It may be advisable to explain the orgamzation of the village 
Assam is divided into eight ‘ plains ’ districts The ‘ hill ’ districts do no co 

^ . -H 1 iin 


us 


for they 8*^6 only invaded by cholera from the plains The districts vary 


* ‘ The correktion of 0 61 shows that there was a similarity Jn the couree of 
Nowgong and Daii The existence of this correlation coupled ^he fact ^ bacfcnopbagc 
of the experiment th^was lo significant correlation does seem to provide evia n 
treatment was havmg\n efiect ’ (A B) 
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from 2,842 square miles to 5,478 square miles The populations vary from 
562,581 to 2,724,342 (Table III) 


Table III 


Distnct or sub division 

Area, square 
miles 

Number of 
villages 

Population 


Brahmaputra Valley — 



1 



Goalpara 

3,985 

3,188 

882,748 1 



Kamrup 

3,844 

2,738 

976,746 1 



Darrang 

2 842 

1,978 

584,817 



Xowgong 

3,898 

2,323 

562,581 



Sibsagar 

5,131 

2,284 

1 933,326 



Lakhimpur 

1 4,234 

2 498 

724,582 


Surma Valley — 


1 




’ Kortb Sylhet 

1,090 

1 

2,551 

580,560 

■ 


South Sylhet 

, 865 

2,032 

451,364 


o 

! Hahiganj 

1 1,003 

2,530 

632,521 

/ 2,724,342 

CO , 

Sunajngan] 

1,443 

2,788 

550 263 

1 



t Karvmgauj 

1,077 

1,816 

509,634 



Cachar 

3,862 

1,607 

570,531 


Totals 

33,274 

28,333 

♦7,959,673 



In tbe Brabmaputra Valley the districts are di%aded into sub-dmsions Each 
sub-division is divided into thanas or pobce areas , each thana, except in Goalpara 
which foUows the practice of Surma Valley districts, into mauzas under a 
mauzadar A mauza includes a group of from 14 to 103 nllages Every village 
has a gaonbura or headman in charge of 120 to 150 houses In Noivgong, for the 
purpose of distribution to its 2,323 villages, the mauzas were divided into mne 
cucles to each of which was allotted an assistant distributor with a sub-assistant 
surgeon in charge of three circles These visited, in rotation, all the villages in 
their circles explaining the use of bacteriophage and replenishing the stock of each 
gaonbura as occasion reqmred Between the visits of the distributors a gaonbura 
can replenish his stock from the reserve kept by the mauzadar when the former 
appears each month before the mauzadar with his register of births and deaths 
In the Surma Valley the arrangements are somewhat different Sylhet, one 
of the largest districts in India, is divided into five sub-divisions each of which in 
size and population is comparable to a whole district in the Brahmaputra Valley 



804 Bactenopliage %n the Treatment and Prevention of Choha 

The sub-divisions are divided into thanas and the thanas mto administrative 
circles each in charge of a surpaneh who has four assistants (panches) The circles 
are further divided into beats, each with a chaukidar who is responsible for natcli 
and ward Each of these chaukidars has chaige of about 80 houses He records 
births and deaths and any other occurrence in books and produces these boohs at 
the chaukidari parade at thana headquarters held once a week, once a foitiiwhtor 
once a month, depending on the distance of the beat from the thana Adjoining 
each thana headquarters is a dispensary where bacteriophage is stocked In 
Habigan] the distribution is made to 2,530 villages by four sub-assistant surgeons 
and six assistant distributors in circumscribed areas similar to those in Nowgong 
The chaukidars, when they come to thana headquarters with other reports, Imve 
also to report how much bacteriophage they have in then possession, and, if neccs 
sary, to replemsh their supply from the adjacent dispensary 

In both Nowgong and Habiganj, the arrangements for distribution are under 
the charge of the civil surgeon, nhose staff, as well as the staff of the Pnsteiir 
Institute, make a periodic check to ensure a constant supply of bacteriophage to 
every village at all times Each gaonbura or chaukidar keeps in his possession one 
box containing 16 ampules of bacteriophage for every 125 persons m his village 
In both areas all distributors are given stamped and addressed post cards wliicli 
are filled up as each village is visited We aim at one sub -assistant surgeon or 
distributor visiting each village at least once in two months These cards give tlie 
survey number of the village visited so that when they are filed according to these 
numbers it is easy to see if any village is imssed The cards also record the amount 
of bacteriophage stock at the time of the visit, the amount supplied, and the amotifk 
used since the last visit A register kept by the gaonbura or chaubdar shows the 
number of cases of dysentery, diarrhoea or suspected cholera which have occurred 
since the last visit This information is all transferied to the post card so that vc 
are in a position to know should there he any increase in sickness or any omission 
in distribution Both local boards devote their grant for cholera to the bacterio 
phage experiment and when the grant for the year is exhausted the balance required 
by the board is supplied by the Public Health Department or by a special grant by 
the Government 



Part II 

DISTRICT EPIDEMICS 

Between Jul}' and December 1932, there occurred four cholera epidemics in 
the districts of Sibsagar and Darrang 

The first (Sibsagir epidemic) occurred along a river bank vhere the rn er was 
the souree of water-supply , the second was among estate labourers (Darrang tea 
estates, group ‘ A’), where the water-mppK uas from wells The third was in 
scattered \Tllages (Darrang Mllasces) ■where the ■v\ ater-snpply "svas principally from 
wells, while the fourth was among another group of estate labourers (Darrang tea 
estates, group ‘ B ’) where the u ater-supply was, m drSerent gardens, from a rn er 
wells and a piped water-supply Each epidemic had its characteristics 

Every affected house in these four epidemics of nearly 1,200 cases was visited 
and each surviviug patient or the relatives of the dead were seen The data 
collected are, we believe, as accurate as it is possible to obtain under rural 
conditions 

In the first of these epidemics bacteriophage was used on a fairly large scale 
for treatment (247 out of 676 cases for which the data are complete) In the thud 
epidemic bacteriophage was used in 117 out of 308 cases In the second and fourth 
no bacteriophage was used except for one case, other forms of treatment being 
employed Other forms of treatment were also used for smaller numbers m the 
third epidemic 

Before giMng the mortalitv and the data relating to the infectmty in these 
epidemics, it is necessary to give a general account of each 


SmSAGAB EPIDEMIC 


An epidemic of cholera resulting in 699 cases with 268 deaths broke out m the 
Sibsagar sub-division of Assam along the banks of the Dikhu river m July 1932 
and continued through the months of August and September The epidemic 
apparently began spontaneously in an area which had not been visited by cholera 
since 1917 and it was the first large epidemic in Assam for which bactenophafre had 
been used by the Medical and Public Health Departments In smaller epidemics 
m Jakrem (Monson and Pal Chaudhury, 1930), Shdlong, and Salmara (Pasteur 
Institute Report 1929), previously reported, bacteriophage treatment had been 
carried out by members of our own staff 


The Sibsagar sub-diiusion is in the Brahmaputra Valley in the north-eastern 
corner of India It lies betw een the Eaga Hills on the south and east and the 
Brahmaputra rn er on the north and west The Dikhu rn er, on the banks of which 
the epidemic occurred, takes its origin in the Eaga Hills and passes through the 
Sibsagar sub-d^ision to pm the Bralimaputra During the rams, from June to 
October, the Dikhu is navigable for rner launches, barges and miall paddle 
steamers, the current is swift and the river may rise and fall as mLh as 
fifteen feet m 24 hours During the dry weather the river is fordable in many 

( 805 ) JO ^ 
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places and the current is slow In its lower reaches the river level is largely depen 
dent upon the height of the Brahmaputra which, wlien in flood, flows back into tk 
Dilchu andi during this epidemic, was observed to slow up the flow of tke Dillm 
near its mouth 

The country through which the Dikhu flows after it leaves the Naga Hills is a 
fiat alluvial plain The hanks of the river are raised to foim large bunds, d)kes or 
levees These are the highest land in this part of the country and protect tlic 
surrounding low-lyiug land from flooding It is along the broad banks of the rner 
that most of the villages are placed Few houses are more than 200 yards from tlic 
river None of the villages have wells 

The villages visited by choleia are inhabited piineipally by fisbermen (Kaibar 
tas), Bandus of the Koch, Kalita and Keot castes, a few Ahoms and Mobammcdans 
The following table gives the population and religions ascertained at the 1031 
census (Table IV) Here the term ‘ Hindu ’ includes the above castes and often 
Ahoms In our records we liave the caste of each person affected as given h} a 
member of the family foi, in tbis particular epidemic, caste bad an overwhelming 
influence in determimng the spread and limitations of the epidemic 


Table IV 


Name of village 

Number 
of houses 

Population 

Hindu 

Mohammedan 

Others 

Totals 

Hansara 

57 

300 

4 


304 

Julagaon 

79 

422 

63 


CO 

-"S' 

Noah Christiangaon 

135 

103 

625 

34 

702 

Sibsagar Town 

1,269 

4,490 

2,012 

167 

6,009 

Arjungnri . 

76 

338 

55 


393 

Phulpanisega 

106 

480 



4S0 

Desial (Meteka) 

145 

622 

189 


811 

Mathadang . 

123 

714 


i 

714 

itamarphodia 

141 

662 

121 


783 

Seuohnagaon 1. 

86 

197 

205 


102 

Chaulkara .1 

219 

952 

337 


1,289 






1,285 

Karigaon .. \ 

227 

1,268 

17 



Bahaghafc . . \ 

206 

823 

379 

5 

1,207 
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T KTX \.v. IV — concld 


N'vme of village 

1 

Nomher 
of houses 

1 

POPDLATIOX 

Hindu 

Mohammedan 

Others 

Totals 

Pathialal 

100 

529 

10 j 


539 

Fabtfm 

1G6 

915 1 

16 

1 

931 

Pathialal (Xamdang) 

131 

645 

3 i 

1 

G49 

NamdaTig ^[.uinargaoii | 

57 

291 



294 

Phuhenphodia 

229 

1 1,033 1 

118 

1 


1,151 

Namdang Bangahgaon 

1 149 

1 

i S59 ] 

1 

1 


1 859 

Desial (Jagiohuk) 

, IIG 

' 78G 1 

^ i 


790 

Kharedhara 

SS 

1 631 

- 1 

1 

033 

Gatonga 

i 8 

47 



47 

Mugla Pukri 

! 0 

10 

6 


10 

Bharalnagaon 

114 

696 



69G 

Goalgyaagaon 

160 

907 

16 


j 923 

Monsuti 

85 

j 417 

1 

1 

90 


j 607 


In tins area communications are slon The first intimation of the epidemic 
(at Pathialal) reached the tovm of Sibsagar, about six miles away, on 29th July 
By that tune 17 villages had been infected and in about half that number 
cholera vas rapidly spreadmg Before that date, bacteriophage had been sent to 
two villages, Pathialal and Namdang, for severe cases of diarrhoea not recognized 
by the villagers as cholera Durmg the first week of August the assistant surgeon 
and four sub-assnstant surgeons at Sibsagar attended the sick within reach and 
began a vaccination campaign Between 10th and 13th August these were rein- 
forced by three more sub-assistant surgeons and six local practitioners and, between 
the 17th and 19th, by two more sub-assistant surgeons, the Assistant Director of 
Pubbc Health and another assistant surgeon This staff carried out energeti- 
cally anti-cholera vaccmation, distribution of bacteriophage and advised the people 
how to avoid cholera 

Our mvestigation began on I3th August when the epidemic was nearing its 
close Every house was visited at least twice, usually by a different investigator 
on each occasion One of us (E M R or B K P C ) saw each survivmg patient or 
the relatives of the dead Eight weeks were occupied in collecting and verifying 
the data in the villages ° 
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The hxiug of dates is a serious difficulty in villages vhere none is literate and 
where few or no calendars exist , but we were assisted by the occurrence of a flood 
of the Dikhu nvei on 27th and 28th July, by a serious earthquake wliicli happened 
on 14th August and, in one or two important instances, by the noting of the dates ot 
deaths by the Bralimin lesponsible for fixing subsequent ceremonies In a few 
cases the dates w ere given by the school master of the village and, in all cases, thei 
were checked by reference from one house to another 

The origin of the epidemic was traced to a man who, travelling from Behai, 
stopped a"’day and a night (29th-30t]i June) at Gauhati where cholera vas present 

Map 2 



and then travelled by tram, 200 miles, to Similagim He developed the is • - 
on the 3 ourney from Gauhati to Similaguii (1st July) 

recogiuxed as cholera Between 2nd and 7th July, when the man died, ic 

occupied bv him was visited by a betel-nut seller and her two _Q 5 ,tc 

woman and her family In ed at Nazira, about a mile from Similaguri on the ^PP. 
bank of the Dikhii One of the children developed cholera on 11th July an > 
this case, three other membeis of the family were infected These ms- _ 
thought to be ‘ choleraic diarihoea ’ and not cholera as there were no ^ 
in the neighbourhood The house occupied by this family '"2® ^ villages 

bank of the Jlikhu close to the water and, following these casM ° 
lower down iHie Dikhu were infected Map 2 shows the affecte b 
Graph 5, the i^idence of cholera in each village 
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Actual primary infections from the river were not more than 32 These 
occurred betveeu 19th and 27th Julv, when the river was flmsing slowly and were 

Graph 6 

SIBSAGAR CHOLERA EPIDEMIC, 1932. 
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With the water-borne infections which affected different castes indiscrimmately 
After the 27th we have no record of cases that could not be readily explained as 
commcnsnal infections Pi unary vrater-horne cases were scattered at random m 
houses along both sides of the river and, from these foci, the disease spread from 
inmate to inmate, from house to house and, m a few instances, was traced from 
village to village House-to-house and village-to-village infections were facilitated 
by Aimata ’ and other ceiemonies which were held for the recovery of tlie sicl 
At, these ceremonies the people of the community of about the same age as tie 
patient were called together and fed 


DaRRANG tea estates, group ‘ A ’ EPIDEMIC 


The epidemic considered under this group consists of one large garden (M tea 
estate), its out-garden (K tea estate) and a small village located midway and 
about a mile from each of the gardens The inhabitants of the village were 
employed on the estates supplementing the estate labour 


M tea estate is situated on the north bank of the Brahmaputia on a fiat 
alluvial plain K tea estate is furthei removed from the Bralimaputra and 
about two miles from the mam garden Water-supplies for both estates and for 
the village are from surface wells adjacent to the houses, most of which are lined 
with brick or concrete rings but are unprotected at the top Each mdividiml 
draws watei with his own bucket or earthenware vessel No vrater is taken from 
the Brahmaputra but labourers do, occasionally, go to the river to bathe and fisli 
No latrines are used, the soil around the houses and land adjacent to the lines being 
used for latrine purposes 


In both estate lines, the houses, 20 to 40 feet apart, are arranged in 
streets with little or no fencing to separate the houses one from another Tlic 
caste, and hence customs, of the labouiers are many but the caste system here docs 
not apply to water-supply, all taking watei from the common wells distributed m 
the lines There are no common feeding centres , each family cooks its own food 
There is a common bazaar within 400 yards of the M tea estate lines , it i3 
frequented by labouiers from both estates, by many villagers m the vicinity an 
also by shop-keepers fiom other areas This bazaar is held once a week on 
Sundays 


Prior to 13th September, i e , when the fii st case of cholera appeared in ^ ^ 
estate, there had been a case in a Nepali house near the river steamer station, on 
and a haPuniles distant This case had been to the M tea estate bazaar o 
inilk The TWO original cases on the estate had not visited the house of thcDcp, ^ 
The relatives of the Nepali case near the river some times herd their buffaloes 
the Brahmaputra near to Bokakhat, where cholera was known to j,jpr 

extension from the Sibsagar epidemic There was daily river traffic to tiie s < 
station fiom iXith Kamrup and the Sibs^ar districts Th^is primary 


have been infe»ed from Bokakhat, from Kamrup oi from Sibsagar, w 
able to determiVe which . 

Both of the ferst two cases on M tea estate w ere removed to the 
as soon as they w*e reported and botli received hyqiertonic saline ^r^atme , 
recovered, were diS^harged on 21st September, and they returned to 
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wlucli were some distance fiom ouo anotlier Subsequent to tbeir discharge two 
other cases dm eloped on the 21th and 30th September and on 2nd October the rise 
m the incidence occurred (Graph 6) As each case was reported it was immediately 
removed to hospital 

The house of the case occurring on 15th September took its water-supply from 
a '^ell only 25 to 30 yaids an ay and, subsequent to the return of this case from 
hospital on 21st September, 14 other labourers, who also took their water from 
the same well, developed cholera The first two of these cases occurred m one 

Graph 6 

CHOtjERA m DARRANG Tea Estates 1932 
Group A 


Man 



B 


K 






□ 


Village Line 


oS 


a 


D tc 13 H 15 16 r 18 10 20 21 23 M 2a 27 28 20 30 I 2 3 4 5 Q 7 8 0 JO U 12 J3 14 15 16 f 13 19 20 21222324 25 2b 

SEPTElDEr OCTOPBR 


REFERENCES 



Recovered 

Died 

Hypertonic 8aIino 

□ 

ISI 

Pcrrnancanaie 

a 

El 

Elssenlnl Oils 

□ 

El 

Ilaclenopha;;c 

a 

□ 

% acc naled 

□ 


Ho troalmcnt 

a 

□ 


house, the remaining twelve cases in separate houses, a distribution characteristic 
of water-borne cholera 


Similarly, the case which occurred on 13th September returned to her house 
on the 21st September and drew v ater from another adjacent well Here amon« 
those nsmg the same well-vater, 18 labourers were infected eight of these 
being in four houses and the remaming ten in separate houses Ho case occurred 
m areas supphed by ottier v ells m the same neighbourhood Thefe are twriSm 
TeenuseT''^^^^ "" hospital starting epidemics No bacteriophage had 
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The fiist case m the K tea estate occurred on Monday, 3id October, ore day 
alter the general bazaar on the M tea estate to which most of the labourers of the 
former estate go weekly for then supplies Subsequent cases occurred between 
5th and 22ud October, all being in the hues close to the centre of the garden and 
supplied by a few wells Of the subsequent cases thiee were in one house, sn 
others in thiee houses and the balance 24 each in a separate house 

In the village, the first three cases occurred on 13th October in tlie one house, 
being a man and liis two children, the father had worked on the M tea estate the 
previous day Subsequent cases followed between the 14th and the 26th, tuo 
being in one house and the remaining five in single houses 

Each case, from both estates and the village, was removed to the M tea estate 
hospital at once , the house occupied by the case was as eflectively ‘ disinfected’ 
as possible As soon as vaccine could be obtained every worker was vaccinated hut 
vaccination was not started before the 10th Vaccination of the laboiu force took 
several days Water in the wells was treated with chlorine solution and the sod 
in the Imes was turned over by hoeing 


Daerang villages euidemic 

The epidemic in the villages of the Darrang district was spread over the uidc 
area lying between Bishnath and the Bhareli river (Map 3) This area, which is 
near the Brahmaputra river, is low and sandy, extending back from tlie Brahniii 
piitra for three or four mdes before any rise is noticeable Here lies the Gilidhan 
river, an old bed of the Brahmaputra This dy mg river takes its origin from the 
Brahmaputra at Bishnath and empties again into the Brahmaputra at the mouth 
of the Bhareli iiver Several small streams, the Dikiai, the Monai and the Little 
Gilidhary, drain into the Gdidhary Between the Gihdhary and the Brahmaputra 
lies a large sandy bank deposited by the mam river on which grows thatch grast. 
gatliered by'" the villagers for thatching their houses The Gihdhary is also a nshing 
stream for the district during the cold weather months , laige numbers of fisheimei* 
from Behar Province migrate here duimg that period 

The portion of the area inland from Jamaguii and Sootea is only slightly higher 
than the Brahmaputra iiver and is also of sandy soil until near Sealmaii, ItaK lo a 
and Chengamaia Gereke where the soil is heavier and where the tea esta cs, 
infected later (group ‘ B ’), are located 

Bishnath, at the begmning of the Gilidhary, is a smalltown near which 
from Behar camp yearly from October to March The town of Eisliua i J j- 
consists of many Hindu castes with some Mohammedans The population c u 
Bishnath and the Bhaieli river is Mso mixed for, besides the Assamese villagers, 
ex- tea-estate labourers from gardens in Dai rang have settled ni this neig i 
hood Largely as a result of this settling, small villages have spiuug up 
m any one village, may be found people from various parts of India an o 
castes The villagers are dependent upon cultivation of rice land > 
casual work on the nearby’ tea estates The area of this 
cultivated iice land wath small villages and the hamlets scattered on the nh 
The Dikrai, Monai and Little Gihdhary wind through the district h a | r ^ 

111 the villages are from surface wwlls , few use othoi watei unless a m ‘Sc 
diately on the banl^s of a stream 
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The fiist case oi cholera appeared in the tov.n oi Bishnath on 16th October 
(Graph 7) This man had been to the bazaar at the M tea estate tiro da} s before 
vhen cholera was knonn to be present He died on the 19th, baling leceived no 
treatment Xo further cases iveie traced to hmi The ne\t tn o cases n ere Behan 
fishermen from tno separate camps nho had gone together to the M tea estate 
bazaar on 20th October and developed choleri, each in his own camp, on the 22nd, 
both died on the same day The one camp (Garahagi) of 63 men broke up as soon 
as the cholera case died The indii iduals scattered to other fisher camps m the same 
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the second camp (Soagnri) three cases developed on the 26th, 
-<th and 2Sth, when the fishermen of this camp, numbering about 75 also 
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camps, fisli was being sold by them in Bishnath and other bazaars TN' e obtained 
information of 18 cases in the fisher camps of i\hom 16 had died, others that 
recoi ered had left the camps 

Apait from the fishermen, 39 cases of cholera occnrred in and near 
Bishnath betv,een 2Sth October and 25th November, the date of the last-known 
case here 

"When the fisher camps broke up, a fen fishermen vent further down stream 
to another camp on the Gilidhary river between Gomiripal and Dikraimukh 
Subsequently, on 10th November, tvo cases occurred here among fishermen vho 
had not been to camps near Bishnath, and this vas followed by other cases on the 
14th and 16th At this tune mllagers from the whole area, except from the Bishnath 
group of villages, vere busy collecting thatch from the landbetveen the Gihdhary 
and the Brahmaputra rivers Batches of from 4 to 15 men, each from 
several Tillages collected here These villagers camped along the banks of the 
Gilidhary river and on the 17th and 18th cholera appeared among them in several 
places There vere three deaths here on the 18th and the body of one man vho 
died then had been seen in the Gihdliary river for three dajs before being swept 
away On the 17th and 18th there was a stampede among these villagers vho left 
their thatch cutting to return to them respectn e villages Some had developed 
cholera and tried to struggle home, others dei eloped it on the road home Thus, 
the primary cases were spread over this large area v ithin a few days Later, men 
from other -villages i isited this aiea, became infected, and returned to them -villages 
with cholera 


As has been stated, many of these villages had populations of mixed castes, 
ex-tea labouiers, and, in the villages where thm vas so, cholera did not spread from 
house to house On the other hand, there were a few villages occupied by peoples of 
the same caste and m these the disease spread rapidly As instances of the latter, 
from iloriagaon, inhabited by Mohammedans, four men had gone to the Gilidliary 
to fish and cut thatch One returned to the viUage on 20th November with cholera, 
the other three, returmng on the 2l5t, developed cholera on the 22nd, 24th and 25th 
Subsequent to the retiun of these four men, 24 other cases occurred in this village 
with a population of between 150 to 200 The water-supply here was fiom a well 
near the house of the case returning on the 20th Similarly, at Senchua (Tahka- 
ban), a village of 20 Kaibarta houses with a population of approximately 100 and 
another 28 Assamese houses v ith a population of about 200, a Kaibarta returned 
from the Gilidhary V ith cholera on 17th November After his return, 12 other 
cases occurred in seven Kaibarta houses all takmg their water from wells neai 
the first case No case occurred among other Assamese, li-ving ivithm abont 
40 yards, who took their v ater-siipply from their own wells 


At Chenghmara, another Kaibarta village half a mile from the Gihdhary, 
with about 100 houses and a population of 450, a man, who had cholera for tv o days 
while at a thatch cutting camp, returned to his home on 22nd November and died 
on the 27th No other case occurred until 4th and 5th December when two men 
hvmg close to the first case v ere attacked Kollovmg on tins 23 other cases deve- 
loped among the Kaibarta villagers 

At Norua, ^ Koch village five cas^s returned from the Gihdhary and subse- 
quently seven other cases developed ^ 
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Caste played a great part in spreading cholera in those villages ivhere there were 
large caste gioups and where watei-supplies were taken from the same vrells li 
those villages vheie the castes weie mixed and where primaiv cases returned to 
their village'' wnth cholera, and where each had its own wells, the infection v,a^ 
confined to the house occupied by the primary case This must haie had m 
influence in checking the epidemic Gases were traced from one village te 
another but, wheie this was so, the caste of the visitor was the same as that 
of the case which was visited 

DaRRANG TE'i. ESTATES, GROUP ‘B ’ EPIDEMIC 

Five tea estates, which we shall call P, T, M, S and D, were adjacent to some 
of the villages included in the Danang villages epidemic Labourers on thew fie 

Graph 8 


CHOLERA m DARRANG Tea Estates 1932 
Group B 



Dale 27 28 29 30 1 2 3 4 8 6 7 8 O 10 II 12 13 14 10 I6 17 18 IB 20 21 22 2324 ^ 20 57 


dbcem ber 


refebewcbs 

Recovered 

Hyportonic Saline C3 

Bnctenopb&gfc C3 ^ 


No treatment 


estates becaiAe infected between 27th November and gjjcJsrecrue'^ 

This epidemi^was part and parcel of the village instituted h) 

hospital treati^nt and, owing to the precautionary 
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garden managers, the people ere not under the same risk as villagers The 
labonreis did not get their prunarv infection from the Gilidhar} area In P, T and 
D estates the first^ case had ^ isited an infected house m one of the a illages In the 
M estate the priman infection uas from, the jMonai rivei, by uhich iiifection avas 
brought from estate T In estate S three primary cases all received then 
infections aihen fishing in a small stream 

P tea estate 

This is a large estate aa ith sea^eral sets of lines in different parts of the garden 
Only one line avas affected during the epidemic and this line aaas located bv the 
side of the Little Gilidbar'^ riacr, which is used for bathing and aa ashing clothes 
AVater-supply is from avells but some labourers doubtless used ria er aa ater as aa ell 
The first taa o cases occurred on 27th lloa’cmbcr both haa me a isited a knoaam cholera 
case m a nearba village The«e cases aaere treated in hospital and the next case to 
occur aaas that of the hospital saaeeperon 2nd December All of these cases died 
On 13th December another case occurred, folloaved by 12 others betaaeen that date 
and the 27th Of these cases 10 had been cutting a rice field near a knoaa n infected 
a illage and had taken water from there The labourers on this estate were infected 
from an outside source and, haa mg been treated in hospital, and preventia e 
measures be*ng put into force, there was no great spread of the disease 


T tea estate 

This estate has several lines, two of which avere affected by cholera Lines 
8 and 26 are both on the Monai river as were, also, two long buildings hoiising 
Ilikir cold weather labourers The first case of cholera occurred on 5th December 
in a man aa ho had been ausiting and nursing a cholera casein a nearby a illage His 
aaife developed cholera on the 8th and, betaaeen that date and the 20th, 14 other 
cases occurred all of whom took their water-supplv from the ilonai river not more 
than a quarter of a mile beloaa the house of the first and second cases Of the IG 
cases SIX were m line 26 , the tavo first cases were in one bouse, four were in separate 
houses within 100 vards and down stream from the originally infected house One 
case occurred in each of the two houses occupied bv Mikirs In line 8, consisting 
of about 20 houses, onlv two adjacent houses were infected, one haaing six cases 
and the other two The first tw o cases occurred on the 9th , the seven subsequent 
cases occurred between the 10th and the 22nd 


M tea estate 

This estate is located U miles below the T estate on the Monai river and tw o 
days after the first case on the T estate the first case occurred here There was no 
evidence that the child w ho was the first case on this estate hadbeen aw ay from her 
home except to play in the river and, knowing that the river was polluted farther up 
It seems reasonable that this case was an extension from estate T The Monai 
river water was used by the labourers housed in the central fines near the factorv 
and, between ith and 24th December, 18 cases occurred Of these two 
secondary cases occurred in the house of the first case, one other house had two 
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cases and the remaining 13 vreie all in separate houses The (hstnktion i 
that of a river infection 


S tea estate 

This estate has several lines hat ordj one hne in the estate iras mkcted Ik 
line was occupied h}'' labourers of the Munda caste, water being from a piped siippk 
The first case (Ttli November) gave no histoij^ of having been away from the gaidcn 
He had been fishing in tlie Sadhani stieam with two persons, who also deielopoil 
cholera on the 8th For one of tliese cases that developed on the 8th a feast ws 
held on the 9th and the balance of the eight cases which occurred after that hh 
all attended this feast , other houses were thus infected 

D tea estate 

This IS a large estate having several lines but only one mfected and thatwift 
only four cases The first two cases on 16th December were in separate houses acl 
are said to have had nothing in common One, a man, had been out of the estate 
to an infected village where he had visited a cholera patient The other, a cliiM, 
had not been away but had been playing m the Monai river The third caseW 
visited a case of cholera in a nearby village while the fourth case wasthelmsbaiKl 
of the third patient and had been niu’smg her during her illness All ueie 
treated in hospital except the first case who died before she could be taken to 
hospital 



Part III 


MORTALITY 
Section I 


Sibsagar epidemic 

Of the 699 cases m the Sihsagar epidemic, we have complete data of 67 6 Three 
hundred and ninety-nine received no treatment and, of the balance (277), some 
were vaccinated before the onset of the disease, some received bacteriophage on 
different days after the onset and others received both vaccination and bacteriophage 
The cases receivin'^ bacteriophage after 48 hours are not in the same category as 
those receiving bacteriophage within the first 48 hours of the disease, for, in some 
cases irreparable damage had already been done and in otheis danger had already 
passed We have therefore adopted the following classification of cases — 

I Cases receiving no treatment 

n Unvaccinated cases receivmg bacteriophage within 48 hours of onset 
III Vaccinated cases receivmg bacteriophage within 48 hours of onset 
rV Unvacemated cases receivmg bacteriophage after 48 hours of onset 
V Vacemated cases receiving bacteriophage after 48 hours of onset 
VI Cases vacemated before onset — ‘Vaccinated only’ 


Information as to the admmistration of vaccine or bacteriophage was obtamed 
from the patient or his household and m nearly every case was verified by the 
evidence of more than one person 

The treatment m all village cases was m the hands of persons who were quite 
unaware of, and hence not interested m, the scrutiny to which the results of the 
treatment would be subjected The diagnosis was that of the villagers themselves 
There is probably less error in the diagnosis of epidemic cholera than m that of 
any other disease m India Only one criterion of the results of treatment has 
been taken , recovery or death It was immaterial whether the death occurred 
during the collapse stage or from uraemia, heart failure or an intercurrent infection 

later m the disease , all deaths are taken as deaths from cholera This criterion 

whether a person hved or died — applied by the members of the family and verified 
by one of us, was not less reliable than if applied by an expert medical man 


In one group in Sibsagar Towm where the recovery rate was unusually hmh— the 
liighest in the epidemic— the blood of ten of the recovered cases was tested for 
agglutmation, together with ten of the laboratorv staff, all of whom are dailv 
working with cholera cultures 411 of these ten Sibsagar sera agolutmated three 
different strams of cholera (Table V) Nme of the controls did not agglutmate and 
the tenth, vaccinated six weeks earlier, gave agglutmation (Table VI) 

( 819 ) 
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T«ii 

Agglutination leaclwns of sera of ten recovered chh 
















































Dilutions of sera were made with 
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TaBI! 


Agglutination reactions of ten control sera frm mt/ih 
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of the staff loith three strains of V cholerte 
reading ) 
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Vaccinated cases we have taken as those who were inoculated with 1 cc of 
cholera vaccine containing 8 000 millions per c c or a lesser dose according to age, 
one or more days before they fell ill 

Six cases vaccinated on the day they fell ill and a further five cases vaccmatd 
during their illness or convalescence will be mentioned later 

A case treated with bacteriophage we define as one who had received one or 
more ampules of bacteriophage at any time during the period of illness Even 
if a case received bacteriophage when he was in a condition of collapse or when 
suppression of urine was established, he has been recorded as treated with bacterio 
phage It was difficult to asceitam how many ampules of bacteriophage had been 
given to each case but so many asserted that only one had been given tkf 
we believe we are not wrong in stating that more than 96 per cent had only 
one ampule containing 2 c c 


In a disease so fatal as cholera the evaluation of the use of bacteriophage on 
alternate cases in villages is not possible It would certainly result in a not should 
one form of treatment seem less efficacious than another The alternate case method 
being impracticable, we have to compare the treated wnth the untreated and to 
apply every test we can to elicit differences in the groups that, apart from treatment, 
might affect the mortality It is necessary, therefore, to make sure that all these 
populations aze comparable m age, sex, caste and as rega'rds the period m the 
epidemic in which the cases occurred We have, therefore, m each instance, 
compared the observed distribution with what might be expected had the cases been 
distributed group by group in accordance with the proportion to the total J 
groups show a significant deviation of the observed from the expected there von 
be evidence of selection For example, if the numbers in any treated age group 
fell much below that expected, it would suggest that that age group is 
represented in the treated and over-represented m the untreated Such group 
cannot be compared 
(a) Age— 


Table VII 


Distribution of cases by age 


Age 

groups 

Untreated 

Bacteno 

phage 

within 

48 hours 

Vaccinated, 

baoteriopliage 

nithin 

48 hours 

Bactorio " 
phage after 
48 hours 

Vaccinated, 

bacteriophage 

after 

48 hours 

Vaccinated 

onlj 

TotJl’ 

13C 

172 

126 

41 

20 

S 

4 

f,76 

0 

E 

0 

E 

0 

E 

0 

E 

0 


0 

E 

0-5 

6-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

SI 

\95 

V 

i\ 

4\ 

76 7 

100 9 

101 5 

74 4 

27 7 

11 8 

3 5 

25 

27 

36 

19 

11 

3 

1 

2 

23 8 
31 4 
31 6 
231 

8 6 
37 

1 1 

0 7 

6 

13 

15 

2 

4 

1 

1 

0 

79 
10 4 
10 4 
76 
29 

1 2 
04 
02 

9 

24 

19 

16 

5 

1 

0 

0 

14 2 
18 7 
18 8 
13 8 
51 
22 
07 
04 

0 

4 

3 

0 

1 

0 

0 

0 

15 

20 

20 

1 5 

0 6 

02 

01 

0 05 

10 

8 

0 

1 

2 

0 

0 

68 

76 

76 

6 6 

2 J 
06 

03 
02 

Totals 

399 


124 


11 


74 


8 


30 

— 




O — Observed 


—Evpected 
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Table YII shows the observed and expected case distribution group by 
for all a<fe periods The distribution of the expected cases fits closely that of the 
observed There is no evidence of selection of cases for any treatment in any age 

group 

Table VIII 


Mortality of untreated cases by age 


Age groups 

Totals 

B 

D 

M 

0-6 

36 

46 

55 6 

6-10 

46 

49 

61 6 

11-20 

66 

32 

33 0 

21-30 ] 

1 

40 

I ^ 

61 2 

31-40 

12 

13 

62 0 

41-50 

6 

7 

63 8 

51-60 

2 

2 

60 0 

61-70 

0 

2 

100 0 

Totals 

207" 

192 

48 12 


R — Recovered D — Died M — ^Mortality 


Table VIII gives the mortality of the untreated cases in age groups The 
lowest mortality of 33 per cent occurs m age group 11 to 20 The remainmg groups, 
where the numbers are significant, have a mortality between 60 and 60 per cent 
Except possibly in the one group, age had no effect upon the untreated mortahty 
Not only are we deahng with populations which are similar to each other in their 
age distribution, but the factor of age played no significant part in determining 
mortality m the untreated group There is no evidence of increased resistance m 
older individuals As we have already said, there had been no outbreak of cholera 
m this neighbourhood smce 1917 

(6) Sea? — , 

The percentage of females is 50 7 
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Table IX 


Distnbuiton of cases by sex 


Sex 

groups 

No treat 
ment 

1 

1 

Bacterio- 
phage -with 
m 48 hours 

Vaccinated, I 
bacteno- 
phage^v^th- 
in 48 hours j 

Bacterio 
phage after 
48 hours 

Vaccinated, 

bacteno 

1 phage after 
48 hours 

Vaccinated 

only 


1 

0 j 

E 

1 

0 

E 

0 

E 

0 j 

E 

1 

0 

! ® 


E 

Male 

194 i 

196 5 

57 

61 1 

23 

20 2 

39 

36 5 

4 

39 

10 

1 

148 

Female 

205 

202 5 

1 

! 67 

62 0 

[ 

18 

20 8 

1 

35 

1 

37 5 

4 

i 41 

1 

14 

1 

152 


0 — Observed E — ^Expected 

= 1 90 fl' = 6 /) = 0 85 


Table IX gives the observed and expected distribution for both sei.es among 
the treated and untreated groups The observed and expected distnbutions sho\^ 
a close approximation There is no evidence of selection of cases by sex for an) 
particular treatruent The populations are therefore reasonably similar in their 
sex composition 


Table X 

MortaUty of untreated cases by age and sex 



Male 

Female 

Totals 

Age groups 

Recov- 

ered 

Died 

Mortality 

Recov- 

ered 

Died 

Mortality 

Recov 

ered 

Died 

Mortality 

0-5 

22 

21 

48 8 

14 

24 

63 2 

36 

45 

55 G 

6-10 

20 

27 

57 4 

26 

22 

46 8 

40 

49 

510 

11-20 

29 

16 

35 6 

36 

16 

30 8 

65 

32 

33 0 

21-30 

15 

11 

73 3 

25 

31 

55 4 

40 

42 

512 

31-40 

5 

11 

68 7 

7 

2 

28 6 

12 

13 

52 0 

41-50 

6 

6 

60 0 

0 

1 

100 0 

6 

7 

53 8 

51-60 

2 

1 

33 3 

0 

1 

100 0 

2 

2 

50 0 

61-70 

0 

2 

100 0 

0 

0 

0 

0 

2 

1000 

“ — — 

Totals 

m 

95 

48 97 

108 

97 

m 


192 

4812 
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Table X shows the mortahty among the untreated male population which is 
48 97 per cent , among females it is 47 32 per cent, with a mean of 48 12 per cent 
As in the case of age, not only are the populations homogeneous as regards sex, 
but sex has had no influence on the untreated mortahty, age group 31 to 40 is a 
possible exception to the statement that sex is without influence on mortality 
(c) Caste — 


Table XI 


Distnbuhon of cases by caste 


Caste 

No treat 
ment 

Bacteno 
phage ■mth 
in 48 hours 

Vaccinated, 
bacteno 
phage mth 
in 48 hours 

Bacteno 
phage after 
j 48 hours 

Vaccinated, 
bacteno 
phage after 
48 hours 

I 

1 

Vaccinated 

only 


0 j 

E 

1 

0 

E 

0 

E 

0 

1 

E 

0 

E 

0 

E 

Mohammedan 

1 

31 

39 5 

15 

12 3 

5 

4 1 

8 

7 3 

1 


7 

■ 

Kahta 

30 

29 5 

13 

9 2 

0 

30 

4 

65 



3 

22 

Ahom 

58 

59 6 

15 

18 5 

3 

61 


n 1 

2 

12 

3 

4 5 

Keot 

18 

US 

2 

40 

2 

1 5 

2 



03 

1 

1 1 

Kajbarta 

171 

168 2 

54 

52 3 

25 

17 3 

23 

kh 

2 

34 

10 

12 6 

Kooh 

75 

59 6 

14 

IS 5 

2 1 

61 

6 

BO 

1 

1 2 

3 

4 5 

Others 

16 1 

1 

27 7 

11 

86 

4 

29 

11 

51 

1 

2 

06 

3 

2 1 


0 — Observed E — ^Expected 


Table XI shows that the distribution by caste of the untreated and treated 
with the exception of the Kochs and the small group of ‘ other castes is such as 
might be expected No one caste received a particular treatment in preference to 
another 


Table XII 


Mortahty of untreated cases by caste 


Caste 

Recovered 

Died j 

Mortahty 

Mohammedan 

10 

21 

76 7 

Kalita 

Ahom 

Keot 

Kaibarta 

Koch 

Others 

18 

23 

11 

92 

44 

9 

12 

35 

7 

79 

31 

7 

40 0 

60 3 

38 8 

46 2 

40 2 

43 7 

Totals 

207 

192 

4812 
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Mohammedans and Ahoms have a mortahty of over 60 per cent compared to a 
mean of 48 12 per cent ^ 

In Table XII = 11 368, = 0 08, this is above the conventional line at 

0 05 (Fisher, 1930) and seems to indicate that the variations in mortality due to 
caste are not significant 

(d) Period — 


Table XIII 


Distribution of cases by period 


Period 

No treat- 
ment 

Bactcno 
phage with- 
in 48 hours 

Vaccinated, 
bactcno 
phage with 
in 48 hours 

Baoteno- 
phage after 
48 hours 

Vaccmatcd, 
bacteno 
phage after 
48 hours 

Vaconatcd 

only 


0 

E 

0 

E 

0 

E 

0 

E 

0 

E 

0 

E 

1 

July 19 to 26 

j 

28 

j 

18 9 

j 

0 

59 

j 

0 

19 

i 

4 

36 

0 

i 

04 

0 

14 

July 26 to 
Aug 1 j 

74 

1 

69 6 

12 

1 

18 5 

0 

61 

16 

11 1 

0 

12 

0 

45 

Aug 2 to 8 

160 

151 7 

1 

53 

47 1 

17 

15 6 

31 

281 

2 

1 

1 

1 

30 

4 

; i 

114 

Aug 9 to 16 

104 

' 109 8 

34 

34 1 

14 

11 3 

16 

20 4 

6 

22 

13 

83 

Aug 16 to 22 

30 

38 4 

15 

11 9 

7 

3 9 

5 

7 1 

0 

08 

8 

29 

Aug 23 to 
Sept 15 

13 

20 6 

10 

64 

3 

2 3 

3 

38 

1 

04 

6 

le 


0 —Observed E — Expeded 


Dming the third and fourth peiiods the numbers in each second 

closely the figures likely to be obtained in random samples In tlie 
periods the untreated exceeded, and m the last two periods were ,, 
have been expected by a proportional distribution In other vrora , 
proceeded the chances of being treated were greater 
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Table XIV 

MorUtlily of xintreated cases by period 


Period 




Number 

Dates 




1 

July 19 to 26 

9 

19 

1 

67 8 

2 

1 

1 July 26 to Aug 1 | 

1 

1 

29 

1 

1 

4B 

60 8 

3 

1 

Aug 2 to 8 

1 

79 

j 

71 

i 

47 3 


4 Aug 9 to 16 


5 Aug 16 to 22 



6 Aug 23 to Sepl 15 


Totals 


m? to 


Table XW gives the distribution of recoveries and deatliQ nf 
:o the penod m .Inch the casee occurred In tlna fable there 



Table XV 

Mortality of cases grouped according to period in which they occurred and the treatment they leccived 



-Rt!CO»crea. I> — M — MortnUtv 











































































































































J Monson, E Milford Eice and B K Pal Choudlimy 831 


reduction m mortality from 67 8 per cent in the first week to 26 7 per cent in the 
fifth week of the epidemic Thirteen cases after 23rd August gave a mortality of 
63 8 per cent Por the cases in the fifth and sixth periods, i e , after 16th August, 
the mortahty is 34 8 per cent 

Considering, therefore, the periods, the groups m Tables XIII and XW are not 
random samples from similar populations The cases early m the epidemic are not 
in the same class as those later in their chances of being 'treated Nor, untreated, 
are they hable to the same risk of death 

The only fair comparison that can be made is between groups of cases 
occurrmg in the same period of time and in doing this, age, sex and caste can 
be neglected 

In Table XV each treatment group may be compared with the corresponding 
■ no treatment ’ group of the same period Vhen bacteriophage was given within 
48 hours the reduction m the mortahty requires no comment* The figures (columns 
II and III) m the periods Nos 2 and 6 are small Averaging periods 2 and 3, 
and 5 and 6, we have for three successive periods mortalities of 24 6, 23 5 and 20 0 
per cent for the bacteriophage cases as compared to 51 8, 40 4 and 34 9 per cent in 
the untreated The mortality of the bacteriophage treated cases drops at once to a 
nearly constant level This is shown graphically in Graph 9 The same 
phenomenon is apparent m column W VTien we come to columns V and VI, 
1 e , cases treated with bacteriophage after 48 hours, we are deahng with a number 
who, many havmg got over the initial collapse, are on the way to recovery and 
the mortality, if low, cannot be ascribed to treatment Once again the mortality 
is at a comparatively constant level 

The 30 vaccmated cases (column VII) show mortahties intermediate between 
the untreated and the bacteriophage groups both with and without vaccine'j' 

Cholera is m some cases so rapidly fatal that even when treatment is at hand 
every case has not the same chance of treatment Some of the most severe 
cases will die withm a few hours, before treatment can be given In dmding 
cases into untreated and treated the untreated will, therefore, always hai e more 
deaths, for they include the severest cases By taking alternate cases as thev 
are admitted into hospital and distributing these equally between two forms 

* A little comment is iierhaps necessary Grouping as the authors suggest into periods 2 and 3, 
4, 5, and 6 and comparing bacteriophage treated within 48 hours with untreated gives x" as follows — 


Periods X’ 

2 and 3 15 0 

4 3 15 

5 and 6 1 gg 


so that only the first period shows a definitely significant drop in mortahty Of course the fact 
ha the mortahty did dechne (though not significantly) in the other tno groups m a 

the general "^drop was 

t The mortahty among the 30 vaccinated cases does not differ significantly from thn+ nm 
bacteriophage treated (even for all periods taken together when X’=r241 iJthe ^ ® 

U and 3, 5 and 6) it is less but not significantly less than the undated Joup^ 

together it is Eignificantly less (X^=5 16) (A B ) P or all periods taken 



83S Bacteno^pliage in the Treatment and Prevention of Choha 


of treatment, botli treatments are administered to selected populations , to 
populations in each of which a certain number of severe cases Lave alieadv 
died Any form of treatment will thus give a mortahty below tie real 
mortality of cholera, the mortality given by the total number of cases in an 
area and the total deaths 


Graph 9 

SIBSAGAH CHOLERA EPIDEMIC 1932 


Mortality by periods 


Periods 


1 



5 6 


Bactenopbage within 48 hours 

Mortality 



No treatment 



1 f rl With dcatlis tLaf 

In the grouping adopted, the untreated group is cverv altcmah 

should have fallen into the treated group had it ^ groups mduL’ 

case from the first symptoms On the other hand, tk 

every case to whom one dose of bacteriophage ,,l,c procr«hri|! 

mSnt was m aUtculo mom, A preliminary report pi Arrorn 

Sf the Conference of Research Workers at Calcutta ? j j,t,pha»c had 
rtorifSa) gives a hsr, of 13 cases which died before baotenepn „ 
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benefit them These are all uicluded m the groups receiving bacteriophage within 
48 hours They weight the mortality against bacteriophage and to some extent 
set off the weighted mortalitj of the treated cases 

The deaths occurrmg on the first day may, however, be excluded from both 
untreated and treated This can readily be done for the untreated cases For the 
treated cases, it is difficult Treatment on the first day is more likely to begin 
towards the end of the first day than near the beginmng Indeed treatment on the 
‘first day’ may include treatment vithm 30 hours of the onset if the patient 
takes ill diuing the evening If we put dov n all cases treated on the first day as 
having got the treatment at the end of 24 hours then no deaths will be abstracted 
and the figures will certain!} not be weighted in favour of bacteriophage 


Table XVI 


Results 

Untreated 

Bacteriophage 
‘ at the end of 
24 hoTiTs ’ 

Baotenophage 
on the second 
dav 

Peoorenes 

207 

53 

1 

42 

Total deaths 

192 

15 

14 

Deaths within 24 hours of 
onset deducted 

1 

ao 



Nett deaths 

152 

15 

14 

^fortaliti 

42 3 per cent 

22 05 per cent 

i 

25 per oeot 


noteworthy that when cases received bacteriophage on the second dav 
and thus were in a population from which fulminatino' cases were dpfim+lv ot- i a J 
the merteht,. was net low than for the eases treated eSSdatZ rtS, " el' 


od ^^iber of cases that received bacteriophatie 
and 48 hours after onset, was 56, of which 14 d 


the second day, i e , between 
a mortality of 26 per cent. 
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We may assume that all these cases were of the type that would have surviyedtb 
first 48 hours even without treatment , m the untreated group there were 288 ca 
of this type, of which 81 died, a mortality of 28 1 per cent It is obvious tiierefe 
that the reduction in mortality effected by admmistration of bacteriophage on tb 
second day is much less than that effected by admimstration on the first day Ihii 
IS a very interesting result suggesting that we cannot expect any marked effect on 
mortality from the admmistration of bacteriophage on the second or subsequent 
days The importance of having bacteriophage available in a village as agaiU't 
having it available in a hospital is thus obvious this, we believe, accounts for the 
very low mortality m Nowgong as shown in Part I, where bacteriophage was available 
for early administration in the villages 

We have examined the Sibsagar mortahty in Table XLVI (see Appendix) iw 
age and period, deducting the deaths that occurred on the first day and, in cascthb 
unloadmg might not be enough, the deaths that occurred on the first and sewnd 
days Of the 192 deaths in the untreated group, 40 died on the first day and fSra 
the second day of illness, a total of 113 These have been subtracted from the 
untreated groups Of the 29 deaths in the group of cases that received hacteriopba?* 
within 48 hours, 8 cases died on the first, and 12 died on, the second day Tbte 
have not been deducted The followmg is the result — 


Table XVII 


Stbsagar mortahty 
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The loading of the treated deaths by deaths on the first and second days may, 
however, be estimated by noting the deviation in both groups from the deaths that 
might be expected if these had been distributed proportional!} 

Table XVIII 


Sihsagar mortahly 



Died on 
first dav 

1 

Died on 
j second day 

Died 

later 

Recovered 

Totai, 

Untreated 

[■ Observed 

40 

73 

79 

207 

399 


[ Expected 

36 6 

64 85 

67 14 

230 4 


Baetenophage 
within 48 honia- 

Observed 

j 

8 

12 

9 

95 

124 


Expected 

114 

20 16 

20 86 

71 6 


Difference 


34 

816 

11 86 

23 4 


X* untreated 


0 3158 

1 0242 

2 0950 

2 3765 


X* bacteriophage 
hours 

within 48 

1 0140 

3 2964 

6 7430 

7 6474 


In ahstraoting 40 deaths from the untreated Bronn instead nf q 4 ™ i. ! 

than 13 reqnired "I" ol 3 4, much more has been done 


dotted along the course of the Dikhu rTVAi- /ATox, 01 i. 

the eommon sewer but also the common drmlme ranuT S \ 
has passed from above downwards we miel^ also ^’vn°'+ infection 

has mggested, that the vifiages lower down lould tapa!? Harvey (1930) 

by the cases higher up and that, if the admimstion of excreted 

lowers the mortahty, the mortahty would also bp Inw m treatment 

the river In Table XIX the oWed and eCTeS""? of 

cases are shown for each village along the nv5^£S W untreated 

^e 10 viUages on the mimediate baLs of the Dikh„ rT ^°™urd All 
^mgaon, with one exception (Desial Meteka) havp including 

nimber expected amongst those receivme no ho m excess of the 

below Kariagaon which are on the immediatp ^ villages 

3 be expected of the 

and Gatonga The houses of the former^age arl ^cttedT^if ^^^Jiiulal 

“ge are located partiaUy on the Dikhu 
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and partially on its subsidiary stream, the Namdang, extending to and connecting 
with Namdang ^ 

Tabi/E XIX 


Villages observed and expected deaths arranged according 
to position on the Dihlm river 


Villages 

Deaths 

•1 

Observed to 
expected 

Observed 

E'^pected 

Hansara 

3 

1 44 

* 

* Jnlagaon 

0 

0 48 

- 

Noah Chnstiangaon 

2 

0 92 

+ 

Sibaagar 

6 

4 81 

+ 

Arjunguri 

1 

0 48 

+ 

Desial Meteka 

5 

6 74 

- 

Mathadang 

15 

1 

12 03 

+ 

Kamarphodia 

9 

7 22 

1 

+ 

Senohuagaon 

4 

1 2 41 

+ 

Chanlkara 

13 

818 

+ 

Kanagaon 

6 

4 33 

+ 

Bahagbat 

16 

16 84 

-* 

Pathialal 

18 

16 84 

+ 

Fakum • ♦ 

10 

13 05 

— 

* Pathialal Namdang 

6 

6 26 


* Namdang Knmargaon 

2 

1 93 

+ 

* Phukenphodia 

15 

13 95 

-b 

* Namdang Bangaligaon 

14 

14 44 

+ 

tow. TT/ttef IS 


* Villat^es not on immediato banks of the Dikhti nver bnt n-hcro wn 
taken fronTstrean's emptying into the Dikhn {«ee Map 2) 
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Tabix XIX — condA 


Villages 

Deaths 

ObBcrved to 
evpcctcd 

Observed 

Evpcolcd 

Dcsial Jagicliiil 

10 

11 02 

- 

Klvandbata 

0 1 

10 11 


Gatonga 

3 ' 

1 93 

+ 

EliaTaluagaon 

S 

12 51 

— 

Goalgvangaon 

n 

16 36 

— 

*Monstiti 

! 

2 80 



* Neat Desang nvet 


It IS noteworthy (see Graph 5) tint, in the aalhagos below Fahuin ■nlnch ale 
on the banks of the Diklm, and in a position to receive hactenophngo by tbe rner 
from villages lugher np, the epidemic tended to come to an end sooner Thcie 
were fewer stragghng litc cases The epidemic had no tail An absence of the 
tail IS noticeabinngher up the river m Sibsagar, Arjiingiiri, Desial and Mathadang 
where bacteriophage was given to most of the cases 


Section II 


Barrang milages 

As shovn in Part II, the Darrang villages epidemic diSeied from the iSibsagar 
epidemic m that the water-supply in villages in the former vas principal!} from 
wells, whereas, in the lattei, all the villages took water eitlier direct!} from the 
Dikliu river itself or from one of its tributaries 

Apart from the few villages infected in the imniediate neighbourhood of 
Bishnath, most of the viUages received tlieirfirst infection from the Gilidhary thatch 
cutting area (see Graph 7) Of the population who visited this aiea, all weie men oi 
boys old enough to assist m the cuttmg and carrying of thatcli younger cliildi en, 
girls and women did not go but were infected later, hence tliere were moie male 
than female cases 


We have data of 308 cases on this epidemic Essential oils were used in 38 
cases, 10 of whom had been previously vaccinated Fifteen had been vaccinated 
previously but received no treatment after infection Of the balance 138 bad no 
treatment at all, 83 received bacteriophage alone and who had been previouslv 
vaccinated received bacteriophage ^ " 

We have adopted the same treatment groups as m the study of the Sibsacar 
epidemic data, except that we have mcluded here the e<=sential oil groups D^a 

Jj MR _ 

12 
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were collected in the same way as m Sibsagar and our definitions of vaccination sd 
bacteriophage treatment aie the same 


Table XX 


Disliibulwn of cases by age 
Danang villages 


Age 

groups 

No treat 
ment 

Bacteno 
phage with 
in 48 hours 

Vaccinated, 
bacteno 
pliagc with 
m 48 hours 

Bacteno 
phage after 
48 hours 

Essential 

oils 

Vaccinated, 

essentia! 

oils 

Ifd 


0 

E 

0 

E 

0 

E 

0 

E 

0 

E 

0 

h 

0 

1 

0-5 

13 

11 6 

5 

5 7 

•) 

20 

] 

22 

1 

24 

1 

08 

1 0 

3 

3 

15 

1j 

b-IO 

16 

13 9 

3 

67 

3 

24 

3 

2 0 

1 



1 8 

1 

2. 

11-20 

25 

24 6 

11 

12 0 

7 

43 

5 

46 

4 

0 0 


2-5 

4 

h 

21-30 

27 

34 5 

24 

10 8 

0 

00 

9 

05 

10 

7 0 

t5 

\ 

20 

2 

31 

31-40 

28 

28 2 

13 

13 7 

8 

49 

5 

5 3 

G 

b / 

A 

1 1 

1 

li 

41-50 

15 

15 7 

8 

76 

4 

27 

3 

30 

4 

3 2 

1 

00 

1 

O'* 

51-60 

11 

8 1 

3 

39 

0 

1 4 

0 

1 5 


1 u 


01 

0 

0! 

61-70 

3 

1 3 

0 

07 

0 

02 

0 

03 

0 

0 3 




— 


0 —Observed E — Expected 


Table XX shows the distribution of observed and of 
group for all the age periods The proportion of younger children ^ 

high as in Sibsagar There is no evidence of selection of cases m 

as compaied to the untreated group, although the fit is not qui e a 




Sibsagar 


Table XXI 


Moitahiy of untreated cases by age 


Age groups 


Recovered 


Died 


Mortality 


0-5 

6-10 

11-20 

21-30 

31-40 

41-50 

61-60 

01-70 

> 

\ 

’’(TOTiVS 


3 
6 

4 
6 
1 
3 
1 
0 


10 

10 

21 

22 

27 

12 

10 

3 


76 9 
62 6 
84 0 
81 5 
96 4 
80 0 
90 9 
100 0 
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Table XXI cn es tlio mortality of the untreated cases in age groups The 
lowest mortabty figures are for children aged 10 and under Above the age of 10, 
the mortalities are liighei The possible reason for this is that children of these 
ages were infected m their own houses and did not travel while ill, but the groups 
may be too small to be significant The mortality for the ages 31 to 40 is 13 per 
cent higher than the average and for those over 50 years of age the mortality is 
over 90 per cent There is no increased immiinit} m an)’ age group We have no 
evidence of iramunitj arising from prcviouc epidemics For such small populations 
the figures seem remarkably uniform 


Sex 

Of the total of 308 cases, 180, or 58 4 per cent, w’cre males The reason for the 
predominance of males has been explained 


Table XXII 

DisinbiUion of cases by sex 


bes 

groups 

No treat 
meat 

Bacteno 
phage Tvitb 
m 48 hours 

Varcinatcd 
bacteno 
phage 
within 48 
hours 

Bacteno 
phage after 
48 hours 

1 


) 

2 


1 

I 

4 


1 

° 1 

1 

) 

B 

1 

0 

1 

1 

E 1 

1 

1 

1 

E 

1 

I 

0 

1 

1 

! E 

Male 

1 

90 1 

80 6 

1 

) 36 

30 2 

j 1 

1 1 

1 11 

1 

) 

14 0 

1 

1 17 

1 

15 2 

Female 

48 

1 

1 

57 4 

1 

1 

i 31 

27 S 

j 13 ^ 
1 1 

10 0 

1 1 

1 ” 

1 

[ 10 8 

Totals 

13S 

1 , 


67 

f 

1 

24 

1 

1 1 

26 

1 

1 


Essential 

oils 

\ acci 

1 nted, 
essential 
oils 

Vacci 

nated 

■ 


7 


0 — Observed 


11 


28 


F 1 0 


164 


11 6 


as 


42 


88 


62 


10 

1 1 i 


16 


180 


128 


308 


X = 10 148 7i' = 7 p =■ 0 12 


E — Evpected 


the treatedStheTo toeatoST^oups ^ 

gr P Proportionately fewer males were treated 


Totals 
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than females for all forms of tieatment, but f 0 148 and p = 012 This 

distribution might be expected 12 times out of 100 

Table XXIII 


Mortality of untreated cases according to age and sex 


Aga gi oups 

Half 

Fluale 

Totals 

Reco'v 

ered 


1 

Rccov 

cred 

Died 

Mortality 

Recov 

ered 

Died 

Mortality 

0-5 

1 

6 

85 

2 

4 

GG 

3 

10 

76 9 

C-10 

4 

G 

GO 

2 

4 

GG 

G 

10 

62 5 

11-20 

2 

1“^ i 

82 

2 , 

8 

SO 

4 

21 

^ 84 0 

21-30 

5 

13 1 

70 

0 

9 

100 

5 

22 


31-40 

1 1 

20 

95 

0 

i 

7 

100 

1 

27 

96 4 

41-50 i 

1 

7 

I 

85 

2 

i 

•5 

71 

3 

12 

80 0 


I 

S 

80 

0 

2 

100 

1 

10 

90 9 

61-70 

^ 1 

1 

0 

2 

100 

0 

1 

100 

0 

3 

! 

100 0 

/ 

Totals 1 

1 i 

J 

16 

76 

83 3 

8 

40 

83 3 

23 

115 

83 3 


Table XXIII shows that males and females receiving no treatment had each a 
mortality of 83 3 per cent 

Caste 

A.I 62 castes were represented in the 308 cases, the numbers for any indiv 
caste are too small to give sigmficant results 
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Table XXIV 


Dislribnlion of cases by period and Irealment 


Penod 

Ko treat- 
ment 

Baoteno 
phage TTith 
in 48 honrs 

Vacomated, 
bacteno 
phage 
mtlun 48 
bonra 

1 Bactcno ' 
[ phage alter 
[ 48 hottts 

1 

Essential 

oils 

Vaccinated, 

essential 

oils 

! 

Vacci 

nated 

1 

1 

Totals 

✓ 

0 , 

i 

E 

0 

E 

0 , 
1 

E 

! « 

■ 

i°! 

E ! 

1 

1 

1 0 

1 

E 

1 

0 

1 

E 1 

1 


)ct 16 to ! 
Eov 11 1 

1 

1 

- < 
o 

81 

1 

0 

1 

1 39 

1 

1 

0 

1 

14 

1 ® 

1 

B 

10 1 

! 

1 6 


06 

0 

1 

09 1 

1 

18 

^ov 12 to i 

is 

16 1 

13 4 

1 

0 

1 

1 

6 5 

0 ! 
1 

23 

2 

1 

^ 6 

1 

1 

27 

l 

6 

1 10 

1 

fl 

30 

^ov 19 to 
25 j 

37 

26 0 

1 

12 6 

1 

1 

1 

45 

11 

49 

i 

7 

5 27 j 

1 ! 

j 

i 

1 

0 

1 

28 

68 


B 


18 




! 3 

1 

1 

1 63 

1 

4 




5 

B 

63 

Deo 3 to 9 

1 “ 

1 

1 

28 2 1 

1 ; 

; 28 1 

1 

13 7 

1 

5 

49 

5 

53 

0 

1 

1 . ^ 

1 ■> 7 

1 

1 

0 

I 

i 

20 

1 

1 

31 

63 

Dec 10 to 
10 

19 

24 6 

13 

12 0 

' 11 ' 

1 

43 1 

1 

4 

46 

1 

60 

0 

i 

I 

1 8 

7 

1 

27 

56 

1 

Pec 17 to 
Jan 6 

S 

! <)4 

1 

i 

7 

46 

1 

3 

1 0 

1 

1 8 


19 

! 

1 

1 

07 ' 

1 

1 

1 0 

1 21 

1 

1 

Totals 

138 

67 

24 1 

1 1 

26 


28 

i 

10 


16 

1 


j 308 


0 —Observed E —Expected 


In Table XXIV for the untreated (coliunn H), the distribution of cases period 
by period IS close to a proportional distribution Among the different treatment 
groups, all, mth the exception of the essential oil groups, show that bacteriophage 
and vaccine did not come mto the picture to any extent until the third and fourth 
periods That the number of untreated were as close to a chance distribution at 
the begmmng as at the end of the epidemic was due to the essential mls^emg used 
m the early part of the epidemc near Bishnath and later, when the epidemic eSed 
to Sootea-Jamaguri area, this treatment was replaced by bactermphagr 
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Table XXV 


Mortahty of uniieated cases by period 


Penod 

: Recovered 

! 

Died 

1 

Mortahty 

Oct 16 to 1 
Nov 11 

i 

! 0 

i 

1 5 

100 

Nov 12 to 
18 

^ i 

1 1 

! 

: 14 i 

87 5 

i 

No\ 19 to 

25 ’ 

1 

1 

^ 9 

1 

1 

i 

i ' 

1 

28 

1 

75 7 

Nov 26 to 
Dec 2 

! 4 

1 

) 

25 

! 

! 86 2 

1 

Dec 3 to 

9 

1 

1 ^ 

1 

! 19 

' 

1 

1 

1 79 2 

1 

Dec 11) to 
16 

1 

1 1 
1 IS i 

1 

i HI 

1 

Dec 17 to 
Jan 6 

j 

i ^ ' 
1 

6 ! 

75 0 


= 5 256, u = 7, p = 0 613 

In Table XXV there is no evidence of reduction in the mortahty period by 
peiiod The mortahty is lemarkably unifoim and the value oi'p’ shows that 
this distribution of lecoveries and deaths might be expected to deviate, more than 
that observed, by chance, 50 times out of 100 

In the Dairaug villages the infection came froi.' the Gihdhary river and was 
distributed to a number of difierent centres in each o*^ which there was a small 
community too small for the epidemic to carry on The villages that were 
secoudaiily infected fiom these small outWaks weie largely infected from the 

first cases, i e , before natmal bacteriophage from a recovrtinyg patient was likely to 
be present As each small community had its own well, there iK'S httle opportunity 
for bacteriophage to be distributed by convalescent cases If the progressive 
'diminution of the mortality in Sibsagai'is ascribable to the natural distribution oi 
b^teiiophage by the Dikhu river, we/ have in the Dairang villages epidemic an 
example of a continuous high moitahpy throughout an epidemic wmeie condition 
for thd' dissemination of bacteiiopha^e aie not present 



Table XXVI 

MoJlahly of caset, grouped according to licalmcnl icccived and the tied of the epidemic uhen they occurred 
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Comparing now the cases in the Darrang villages epidemic tliat had receivec 
bacteriophage within 48 hours with those untreated, the mortality in tlie formn 
varies from 44 to 57 per cent in the groups m which the mortality m the untroatec 
cases vailed from 75 to 94 7 per cent (Table XXVI) The average mortality of th( 
bacteriophage cases was 44 5 per cent as against 83 3 per cent for the untreated 
cases In a more virulent epidemic than that of Sibsagar, the mortality is reduced 
bo nearly half As mentioned, when considermg the Sibsagar epidemic, some 
cases were so rapidly fatal that even when treatment was at hand, every case had 
not the same chance of treatment We attempted in an evaluation of the results of 
bacteriophage treatment to take this into account This we did by deducting the 
deaths occurrmg within 24 liours in the no-treatment group m order to liken them 
to that of the bacteriophage group, the membeis of which could not have received 
treatment for some hours after the onset of the disease 

In Table XXVII we have treated the Darrang villages groups m the same 

way 


Table XXVII 


Kesults 

/ 

1 

j Untreated 

Bacteriophage 
‘ at the end of 
24 hours ’ 

Bactenophago 
on the second 
day 

E.ooo\ ones 

23 

20 

17 

Total deaths 

116 ! 

16 

14 

Less deaths within 24 
liours of onset 

33 

1 

] 

i 

i 

Nett deaths 

82 

16 

14 

Slortahty 

78 1 

i 

44 4 

45 2 


After deducting, as we did m the Sibsagai figures, tlie fuhninatmg cases 
from the untreated group and leaving the bacteriophage gioiip untouched the 
mortalities are 78 1 per cent for the untreated, 44 4 pei cent for those icceiving 
bactciiophage m 24 hours and 45 2 pei cent for those that leceived bacteriophage 
after 24 hours 

The mortalities m the remaimng groups are given in Table XXVI The 
numbcis of cases in each gioup vaiiod from 10 to 28, numbeis too small to have 
weight, but, such as they arc, the figures suggest that essential oils, a widely acccptc 
treatment m India, is not without value m reducing mortahty 

Section III 

Darrang tea estates, groups ‘A’ and ‘B 

In these tea estate epidemics bacteiiophage was not used They illustrate 
what happens when eaiiy removal to hospital and treatment by hypertonic salm - 
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aud pcnnauganato are possible By isolation, disinfection and vaccination tbe 
managers made every efiort to stop the spread of tbe disease Tbe estate epidemics 
were moreo\ er part aud parcel of tbe Darrang village epidemics, so much so that, 
bad other conditions been similar, ive might fairly expect tbe mortabties to have 
been alike 


Table XXVIII 



Geovp ‘ A ’ 

Geoup ‘ B ’ j 


Total 


Trcilmcnt 

llecov 
ered ! 

1 

Died 

llorta 

1 hty ’ 

Recov ' 
' ered 


Morta 1 

litj 

Recoi 

ered 



No troatuicnt 

0 ' 

10 

100 , 

1 0 

11 

100 

0 1 

1 

21 

100 

Hyperlomc salmc and 
permanganate 

20 

12 1 

1 

37 5 

13 

1 

17 ' 

56 6 

33 ! 

1 

29 

1 

46 8 

1 accuiatcd, hyper 

tome saline and per 
manganatc 

15 

1 

G 1 

1 

1 28 6 

1 

1 

1 1 

0 

8 

47 1 

1 

24 

14 

36 8 

Permanganate 

11 

( 

3 

214 ' 

1 

0 

I 

I 

0 

0 

, 1 

11 ! 

3 

i 

1 214 

i 

\ accinaled previously , 

1 

0 

i 

100 0 

0 

7 

100 0 

i ° 

13 

100 0 

i 

1 

Totais 1 

46 

1 

1 37 

1 

44 6 

22 

i 

1 

1 

66 2 

68 

80 

541 


Table XXVIII sboivs tbe results of treatment Every case that could be 
removed to hospital before death received treatment hence the mortabty among 
tbe untreated and tbe vacemated is 100 per cent Five of these 34 died on tbe 
second day of illness, tbe remaimng 29 died on tbe day they took dl Tbe cases 
receiving permanganate only were milder cases not requiring transfusion 

Groupmg tbe unvaecmated cases receiving hypertonic saline and permanganate 
with those receiving permanganate alone, i e , tbe severe and tbe mild cases, tbe 
mortality for hospital cases is 42 per cent as compared with 44 5 per cent m 
tbe villages where cases received one ampule of bacteriophage and no hospital 
attention 












Part IV. 

INFECTIVITY 


{In collaboration with B N Ban, Esq , die, i c & ) 

Sibsagar Town is on the banlcs of the Dildiu , but, unlike the villages also 
attacked in this epidemic, the town, as we have mentioned in Part I, has an excellent 
water-supply used by all except a small community of fishermen (Kaibartas) living 
in about 90 houses in that pait of the town which is on the actual bank of the river 
Of this community a child who played on the banks of the river, took ill on 26th 
July The child died on 29th July On the 29th an ‘ Aimata ’ ceremony was held 
to intercede for the life of the child (Ai, means The Great Mother , Mata, 
Calling) At this ceremony the children of that fisher community were fed by 
the parents of the sick child at their house Within six days 23 children 
with two of the mothers were attacked with cholera No person who had not 
attended the feast was affected during the period The 25 cases were distributed 
among 17 houses From these 25 cases there followed in the same and m 
adjoining houses 49 more cases Some of the initial cases arising from the feast 
received bacteriophage others did not 

Table XXIX 


Houses wheie hactenophage was not given to the fust case 


Case 

1 

Number of 
initial cases 

Number of 
people in 

1 house 

1 

Number of 
second wave 
! cases in 
house 

Rfmaeks 

l.i \ 

J 

1 

' 1 

' 7 

, 1 

3 

1 


17 \ 

1 

1 7 

1 0 


31 \ 

1 

! - 1 

i ’ 

1 1 

1 


33 and 34 \ 


1 3 

0 


3>* \ 

1 

1 1 
7 ' 

1 

* This case died m 11 hours, 


\ 


1 

bacteriophage uas gnen just 
before the deatli 

40t 

\ 1 

7 

1 

t This case died on the first day 

and had bacttriophagc just 

f)2 

\ ^ * 

i ' 

1 0 

i 

bofoic death 

7 liou'Cs 


1 ! 

1 ' 

! G 




( 846 ) 


J Monson, E Milfoid Rice and B K Pal Ghoudhmy 847 


Table XXIX — conM 


Houses where bacteriophage ims given to the first case 


t 

Case 

Number of 
initial cases 

Number of 
people m 
house 

) 

Number of 
second nave ( 
cases 111 

1 house 1 

Reuabks 

6 and 7 

■> 

S 

0 


10 

1 

7 

0 ' 
1 


20, 21 and 22 

3 

7 

0 ' 
! 


23 and 24 

o 

7 

i 

0 ' 

1 

1 


25 

1 

3 

! 

1 


26* and 27 

2 

S 

0 

! 

* Died on first da\ before 
bacteriophage could be given 
No 27 received bacteriophage 

37 

1 

7 

1 

1 

later that day and recovered 

43 and 44 

2 

1 

1 10 

1 

1 

0 1 

l 

i 

49 1 

1 

! 12 

1 " 


5 it and 55 ! 

2 

5 

1 

1 

1 

1 

1 

t Died in six hours before 
bacteriophage could be given 
No 53 receued bacteriophage 
and recovered 

i 

10 houses 

1 

1 

, 

1 

74 

i 

1 

1 

2 

1 

1 

> 

i 

1 

i 


Table XXIX shows tlie distribution of the subsequent cases in the same houses 
The numbers, though small, seem to indicate that fewei cases followed when the 
initial cases were treated wutli bacteriophage and more cases when they were not so 
treated , for, with twice the number of mitial cases and nearh twice the population 
at risk, the subsequent cases in the treated group were one-third of those m the 
untreated groups 
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Puttmg tlie data from the Sjbsagar and the Darrang villages {Tables LIV and 
LV — see Appendix) m fourfold tables (Table XXX) vre find that, where the 
primary cases were treated with bacteriophage the escapes were more and the 
secondary cases were sigmficantly less than the expected 

Table XXX 


Stbsagar 



Observed 

1 Expected 


Bactenophago 
within 48 hours 
to primary case 

No treatment 

Bacteriophage 
nithin 48 hours 
to primary case 

No treatlnent 

Total 
population 
at risk 

Escapes 

357 

1,513 

333 509 

1636 491 

! 

1,870 

Attacks 

12 1 

187 

35 491 

j 

168 509 

199 

Totals 

369 i 

1,700 

369 

1,700 

2,069 


20 838, n ~ 1, p = less than 0 001 


Dai rang 



Observed 

Expected 

1 

1 

Escapes 

i 

1 

1 

165 1 

j 

1 

1 

358 

154 83 

368 17 

l)93o' 

Attacks 

1 

1 

i " 

1 

17 17 

f- 

» 

✓ 

/40 83 

68 

Totals 

,, 172 



1 

1 

1 

1 

409 

172 

/ 

409 

681 


\ L/— 

^ ^2= 9 606, 71 1, p less ^ 
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We have seen that the treated and untreated populations in the village epidemics 
from which these are taken were reasonably homogeneous 

To test this further, we have, m Tables LIV to LVII (see Appendix), divided 
the treated and untreated cases, taken m weekly periods, into houses with similar 
populations and with similar numbers of cases occurring on the first da) If the 
figures in the column of totals for the untreated cases are compared uith those 
treated within 48 hours with bacteriophage, both groups haaing the same house 
populations, wc find in ever^ instance the subsequent or ‘ secondary ’ cases to 
be relatively femr m the treated group Again, taking the totals at the foot of 
the weekly periods u e find the treated groups to have relatively fen or secondary 
cases in every instance A sciutiny of the figures as thev are is probably itself 
sufficient to give n eight to the v lew that bacteriophage, if given to the first case m 
a house, does reduce the nimiber of subsequent cases 

If we wish to test the significance of this reduction, we have to estimate how 
many cases should have occurred m the treated groups had the number of subsequent 
cases been proportionate to those of the untreated group 

Under difierent conditions the distribution of the secondary cases may be 
proportionate to the primary cases, to the population at risk, to the arithmetic or 
to the geometric mean of these two numbers AVe need not in this paper discuss 
reasons that may be put forward for the seleetion of one or other of these factors but 
content ourselves with the factor which gives an ‘ expected ’ distribution of the 
untreated cases in closest agreement with the ‘ observed ’ Por this we have selected 
the arithmetic mean of the primary cases and the persons at risk in the same houses 
This gives the closest approximation to the untreated cases of any factor we have 
taken 

The Sibsagar and Darrang epidemics, as we have seen, differed m their 
environment, in their mode of spread and in mortality They are two 
independent tests In both epidemics we have seen that the treated and 
untreated populations were remarkablv homogeneous in age groups, in sex and 
in caste 


To secure that the two factors, (a) primarv cases, and (6) persons at risk, are 
similar for the untreated and for the'^treated, we have taken houses with one primary 
case and grouped these according to the number of people in the house In )SibEagar 
the households in which the first case was treated with baeteriophage numbered 
from 2 to 14 persons m a house (Table LIV — see Appendix) We have, therefore 
taken the correspondmg house groups from the untreated Similarly for Darran^ 
(Table LV — see Appendix), the house groups occurrmg m both untreated and 
treated houses had populations 2, 3 8 and 11 m a house As far as possible every 

known condition is comparable between the treated and untreated houses In 
Sibsagar the 153 secondary cases m the untreated houses have been distributed 

accordmg to the value of The expected cases for each house population 

group may be calculated by takmg the ratio of the attacked (y) or in the asso- 
ciation table (m), to half the total population and multiplying half the population 
in each house qroup by this ratio For the treated houses the expected cases 
are calcula,ted by the same ratio, the assumption being that the mfectmtv m the 
treated is the same as m the untreated houses < 
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Table XXXT 
Sibsagar 
JJ nil celled 


Persons 
in nou«e 

a 

1 

1 

h 

a b 

2 

m 


77? j 77? 

(»H, — m) 

{fli, — m)" 

2 and 1 

19 

29 

1 

24 1 

2 

4 835 i 

-2 835 

8 0372 

1 6623 

4 

21 

03 

42 1 

6 

8 401 

-2 461 

6 0565 

9 7158 

5 

35 

140 

87 5 

14 

17 627 . 

-3 627 

13 1551 

0 7463 

6 

44 

220 

132 

35 

26 591 

' 8 409 

70 7113 

2 6592 

7 

42 

252 

147 

33 

29 613 i 

1 3 387 

11 4718 

0 3874 

8 

15 

105 

1 CO 

16 

12 087 

, 3 913 

15 3116 

1 2668 

10 

17 

153 

1 85 

; 15 

17 123 

' -2123 

4 5071 

0 2632 

11 

8 

80 

44 

1 10 

§864 

1 I 136 

1 2905 

0 1456 

12 

12 

132 

1 ■'2 

7 

14 504 

-7 504 

50 3100 

3 8824 

13 and 14 

10 

122 

i 00 

' 15 

13 290 

1 704 

1 

2 9036 

1 

0 2184 

Totals 

223 

1 296 

759 5 

153 

153 001 



^ =11 9474 


Factor 


153 
759 5 


0 20145, 


n' = 10 


= 0 216 


Treated 


2 

1 








3 

4 

6 

3 

121 

9 1 

33 5 

1 

6 7485 

-6 7485 

33 0453 

4 8967 

5 

7 

28 1 







6 

9 

45 

27 

0 

5 4391 

-5 4391 

29 5838 

5 4391 

7 

14 

84 

49 

4 

9 8710 

-5 8710 

34 4686 

3 4919 

8 

7 

49 

28 

3 

5 6406 

-2 6406 

6 9728 

1 2362 

10 

4 

36 








11 

1 

10 






8 5430 

12 

3 

33 

1 

4 

15 5115 

-11 6115 

132 5115 

13 

3 

36 

i 






14 

2 

26 








Totals 

60 

369 

214 5 

12 

43 2107 



j&'=23 6069 



4 








\ Factor — Same as above, n'=6, j)=0 0003 / 

\ / 

l r 

The secondary eVses m the houses where bacteriophagfr^ras given within 48 
hours to the p\mary\casps were 12 instead of the expepred 43 2, a reduction of 
72 per cent ThVvaluf\ of ‘ p ’ for the untreated houses is 0 216 This is well above 
the conventional biS^jilrVwn bv Fisher at 0 05 and indicates that there is no reason 
to suspect the hypothesX that the secondary cases are distributed according to the 

value of ” ^ For the\treated houses p = 0 0003, a value well below 0 05 and 
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indicate'^ tbat something Ins come into upset the hypothesis as applied to untreated 
cases 

Tabtf XXXII 
Dan 111" vill i"e« 

Unhealed 


Persons 
in liousc 


0 

a 

4 

T 

t> 

7 

5 
11 


Totaw 


a 


10 

IS 

19 

0 

13 

4 

10 

1 


78 



a + li 

m 

i;i, 


> 

__ 

1 

10 

10 

} 32 5 

3 

7 1221 j 

77 

3s 

8 

5 9891 

24 

15 

1 

2 3641 1 

65 

39 

9 

6 1467 

24 

14 

1 

2 2065 1 

70 

} 45 5 

7 

7 1712 

10 


1 

290 

184 

29 

28 9999 j 

1 Hclor 

29 

-184 

7t' = C 


— n 

()«,— m) 

1 

1 

(m,— m) 
m, 

1 

1 

f 

4 5042 

i 

0 8793 

2 0109 

1 4 0117 ; 

0 6752 

1 3641 1 

1 1 8608 

0 7871 

2 8533 

1 8 1411 

, 1 3245 

-1 2067 

1 1 4556 

0 0598 

0 1712 

1 0 029 1 “ 

, 0 0041 


^-=4 3800 


j) = 0 SOS 




Factor — Same as above n' = 3, ^ = 0 026 


In the Darrang villages, the secondary cases m the houses where bacteriophage 
was administered to the primary cases wnthm 48 hours were five and the expected 
14 7, a reduction of 66 per cent In the untreated group the value of jo is 0 505 
showing that, as in fiibsagar, the fit of the expected eases to those observed is signi- 
ficant In the treated group p is 0 026, again indicating a significant divcr"enc» 
In both tables the fact that every observed value xs less than the expected m the 
treated groups strengthens the conclusion 


0 


Table XXXIII 

SJmoing the values of C Index of infectivity %n different unseated and tieated groups in fou) epidemics 
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I ifpno 

1 -TA.3ld paiJ-CUTOO^A 
‘ 0in{-Bs oTOoqjodift} 

I puB o:)'eni3Sa'Btnja^ 


stnj'es oraoijjoditq 
puB aiBUBSiiBatiaj 


oijBnBSnBOTJOj 



i 

! 

* 

lO 

C5 


s{TO {Ut(jnass5f 



o 

rH 



jfjTTO popctnooBj^ 



s 

« 

c? 

* 

O 

rW 

£i 

^{snoTAOjd pape 
-ntaoBA 'amoq gf 
jaijB oSBqdoij 050 T?f[ 

r*4 

(51) 










Sitioq gf 

lOtjB sS-eqdonoto-Oif 

(N 

(95) 

o 




rH 

Cft 

•-< 

o> 




AjsnotAajd pg^B 
niooBA ‘sjnoq jjf 
nnipM aSBqdorjg'joBfj 


sinoq 8f 

nnj^i n aScqdorjo^oBj]- 


ofj - 






rW 

o 

1*^ 

>o 


rH 





1—4 

<o 

o 


lO 

CO 

07 

cq 

s 


<M 

C'-i 





^ 0 


Figures m brackets include groups of less than 10 houses 
Primary oases were removed to hospital as soon as reported 
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We can use an atbitrar\ varcl-stick to measure the mfectmty, or mfectiousness 
as it has been called bv Dr Stocks and Miss Kain 'Whichever factor is used for 
cilculating the expected cases, the ratio of secondaiy cases to that factor will give 
an index of the infectivity We have selected the ratio of the seconder} cases to 
half the total population because the distribution according to the population 
appears to give the best fit among the untreated groups Our index ‘ C ’ is the 

ratio yl multiplied by 1,000 Where a=the primary cases, 6=the remaining 
persons in the same houses and y=the secondary cases 

Table XXXIII is a summary of Tables LIV to LVII {see Appendix) It 
gives the value of C for the a anous untreated and treated groups in the four epi- 
demics It IS clear that in e\ ery instance there is a fall in the index of infectivity 
as between untreated and cases treated with bacteriophage 

Dr Persis Putnam has kindly pomted out that, though we have dealt with 
the extraction of cases dying on the first day of illness from the untreated group 
when considering mortality, we have not done so when considering infectivity 
If cases dying on the first day are moie dangerous, the analysis indicatmg a larger 
number of secondary cases in untreated households does not make a wholly justifiable 
comparison If, however, the cases dvmg on the first day are abstracted from the 
untreated group (Sibsagar) the infectivity mdex is increased from 192 to 198 The 
group of 29 primar} cases that died on the first day have an infectivity index of 141, 
which is below the 198 for the untreated cases winch bved more than one day The 
fulminating case, quickly bowled over, seems to have had less opportunity to spread 
infection We need not suppose that the virus was less infective 

We have seen that the distributions by age, sex and caste were similar between 
treated and untreated groups in the same epidemics These distributions, except 
in the small tea garden groups, showed no evidence of consc’ous or unconscious 
selection of cases We know further that, in the village epidemics, no measures 
were possible for the isolation of cases of one group or another As far as it is 
possible to judge, the susceptibihty of the persons at risk and the conditions 
favouring transmission of the infection were alike in untreated and treated groups 
Of the factors embraced by the term infectivity there remains, therefore, only the 
infective power of the primary case and, under these conditions, difierences in the 
infectivity of the primary cases may be measured by C 

The earber bacteriophage is given, if bacteriophage be a factor in reducing the 
infectivity, the more chance there is for a reduction m the value of C and we find in 
cases treated after 48 hours that C has a value intermediate between the high values 
in the untreated groups and the low value for the groups that had bacteriophage 
within 48 hours 

In the untreated groups m Sibsagar (Table LIV— see Appendix), where, as we 
liave seen, the natural dissemination of bacteriophage seems to have had,^ week 
by week, a progressive effect on the mortalitv, we have likewise a promessive 
diminution in the index of mfectmty In the Darrans villages (Table LV— see 
Appendix) where the facilities for the dissemination of bacteriophage by a river 
were absent the reduction in the mdex of infectivity comes only late in the 
epidemic 

J, MB 


13 
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The groups where bacteriophage was not used are divided into village cases 
where theie weie no hospitals and no isolation and tea estate cases which were 
removed as soon as possible to an isolation hospital The lowering of the index of 
infectivity in the tea estates has nothmg to do with treatment, but is a measure of 
the reduction, by removal to a hospital, of the possibilities for infection in the house 
and of the protection by vaccination vigorously carried out in the tea gardens during 
the epidemic In Darrang tea estate, group B, these measures seem less effective 
than m group A We have shown in Part II that group A consisted of a mam 
garden, its out-garden and a village lymg between them, all under one 
superintendent Group B consisted of five scattered tea estates , each of these was 
under a different management The two groups are not comparable, for facilities 
for hospitabzation were more likely to be quickly effective in group A than m 
group B 

The small vaccmated groups m the Sibsagarand Darrang village epidemics 
had an index of infectivity of 0 (Table XXXIII) When a case occurred in a vac- 
cinated member of a family, it is reasonable to suppose that he was not the only 
vaccinated member of that family As no roll had been kept, we cannot say how 
many of the vaccinated escaped infection Further, these cases occurred near the 
end of the epidemic when natural distribution of bacteriophage was taking place 
Both factors were in action In the small tea-gaiden groups of 12 vaccmated cases 
the infectivity index is relatively high (0=174) 

In the inllage groups which had been vaccinated and received bacteriophage 
within 48 hours (Table XXXIII), the values of 0 are 39 and 62 In the groups 
receiving only bacteriophage the corresponding figures are 66 and 66, and m the 
untreated groups 192 and 203 It may be that the lower values 39 and 62 measure 
the reductions of the index of infectivity brought about by thepresence of vaccinated 
persons in the bacteriophage treated popiffation 

We may express tlie results m a different way If we take the value of G in 
untreated groups to be 193 9, the value calculated from the untreated in both 
Sibsagar and Darrang villages, then in 100 households of six persons, each having 
one primary case and five persons at risk, the number of secondary cases likely to 

arise if no treatment is given is — X 193 9 = 58 

In a similar number of houses where bacteriophage has been given to the 
primary case within 48 hours and where the value of C is 58 6, we may expects 
18 secondary cases, a reduction of 69 per cent in the secondary cases It must 
be borne in mind that the primary bacteriophage cases treated within 48 hours 
had opportunities to infect before they leceived bacteriophage for, in these 
epidemics, the primary case only received bacteriophage when symptoms vere 
well developed 

In Xowgong where bacteriophage is available in every village, and is being 
used by the villagers themselves for ordinary diairhceas and dysenteries whenever 
these occui, there is more chance^'of a patient seized with cholera getting bacteiio- 
p mge eailiei than there was m these epidemics The value of C might be ^pected 
to ne. lower and the chances of secondary cases occurring much less Tins, we 
beheve,ys the explanation of the remarkable abolition of cholera m iMougong 
describe^ in Part I. 
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Tint tlic Nowgong result was a chance occurrence is very unlikely from the 
consideration of the previous history of the district back as far as 1906 That it 
was not due to a general diminution of cholera in the Province has been shown by 
the comparison v ith the other districts in the same valley, and particularly v ith the 
neighbouring district of Darrang As far as we can ]udge, it can be explained only 
by a lowering of infectivity by the early administration of bacteriophage 

As far as we have gone, d’Herelle’s assertion that, under ordinary village condi- 
tions, cholera epidemics are often brought to an end by the development of and 
distribution of bacteriophage by natural agencies, lias foundation, especially where 
conditions for the dissemination of bacteriophage are favourable 

These studies have convinced us that could we have bacteriophage at hand m 
every milage in Assam, as it is now available in Nowgong and in Habigan] the 
abolition of epidemic cholera m the Province is bound to follow 


Summary 

The work is a continuation of the researches already described (Morison, 
1932) 

Part I deals with the prevention of cholera by the admimstration of cholera- 
dysentery bacteriophage to all cases of diarrhoea, d\sentery and suspected cholera 
fn the villages by the villagers themselves 

The experimental area, Nowgong, a district of 3,898 square miles, with a popula- 
tion of 562,581 had a triennial death rate from cholera of 122 0 per 10,000 from 1906 
to 1919 Between 1919 and 1929 the trienmal death rate from cholera was 39 2 
per 10,000 but epidemics stdl occurred with great regularity Since 1929, epidemic 
cholera was altogether absent, the total deaths from cholera during the three years 
were 53, 47 and 27 respectively and the triennial death rate was 2 23 per 10,000 
The first fall in the death rate in 1920 followed the great epidemic of 1919, compulsory 
vaccination of tea-garden coolies entering Assam and the use of vaccine in villages 
when cholera broke out Its effect, seen in Nowgong, was more marked in the 
great tea-garden districts of Sibsagar and Lakhunpur The absence of epidemic 
cholera after 1929 followed the distribution of bacteriophage to the villages alon<^ 
the Kalang river where cholera was prone to occur and the withdrawal of vaccina- 
tion, at first partial and later complete Such absence of cholera durm<^ the last 
three and a half years did not occur in the arbitrarily selected control area Habigani 
m the Surma Valley, nor in the more appropriate control districts adjoining Nowgong 
with which, previous to 1929, there was a high correlation in the deaths from 
cholera 

Part II —Outbreaks of cholera in four areas, each with its own necubar 
conditions, are described ^ 

Part III —Among 1,007 cases of cholera in two epidemics, 364 
treated cases had a mortality of approximately 50 per cent of that of 
cases 


bacteriophage 
the untreated 
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The compaiisons aie made in gioups wliicli, to tests of age, sex and caste, are 
homogeneous The treatment was earned out under primitive village conditions 
and the majority of cases received only one dose of 2 c c 

In one epidemic where conditions for the natural distribution of bactenophage 
were present, the mortality of the untreated cases showed, Aveek by week, a pio- 
gressive fall In another epidemic rvhere facilities did not exist, the moitality 
remained high until the last week of the epidemic 

In these two epidemics, dm mg successive weeks, the cases treated with 
bacteriophage showed a mortality which, m each case, approximated a constant 
level The effect of bacteriophage was as great at the beginning of the epidemic 
as at the end 

The fallacies in estimating the value of any treatment of cholera have been 
discussed and allowed for 

Two epidemics where cases were taken to hospital and other forms of treatment 
were used are given for comparison 

Part IV — An outbreak m Sibsagar indicated that, when the first case in a 
house received bacteriophage early, fewer subsequent cases occurred in that house 
than when the first case received no bactenophage The data from 736 houses 
with a total population of 4,755 show that, in groups in all other respects alike, the 
number of subsequent cases m houses is significantly less when the first cases in 
these houses received bacteriophage The reduction in the subsequent cases under 
these conditions for the whole data is about 69 per cent Analysing the data in 
strictly comparable groups the divergence of the ‘ observed ’ from the ‘ expected ’ 
in bactenophage treated groups m every instance is such that it is significant 

Conclusion 

The results establish a sufiGicient probabilitv m favour of a significant effect of 
the administration of bacteriophage to form a basis of practical policy in the treat- 
ment and prevention of cholera in villages 

Acknowledgments 

We are indebted to Mr A B Smart for A’'aluable assistance in reproducing 
the maps and graphs , to Dr N K Ghosh for assistance in the Dariang villages 
epidemic , to Mi A C Tunstall for many suggestive criticisms during the course 
of the investigation , to Mr J A Dawson, c i e , i c s , and Mr G D Walker, 
ICS, whose intimate knowledge of the ten am and the people have been very 
helpful 

We have had the privilege of having the manuscript of this paper perused by 
Sir William Hamer, who, in his third Milroy lecture (1906) ‘ On Epidemic Disease in 
England — The Evidence of Variability and of Persistency of Type forth ‘ tJie 
conception of the bacillus as a kind of host with attached “ enzjunes ” ’ — a prophetic 
dream of the bacteriophage , by Dr Persis Putnam of the Eockefeller Foundation 
Statistical Department , by the Tropical Diseases Committee of the Eoyal Society, 
and\under their auspices, by five members of the Statistical Committee of the 



J Morison, E Bhifoid Eice and B K Pal Glwudliwy 851 


Medical Research Council The last five gentlemen are only known to us by the 
initials A B,C D,E F,G H, and I J All have made valuable suggestions 
which we have incorjioiated m the tc\t oi added as footnotes with appropriate 
acknowledgments To all these, and to Sir Heur} Dale, F b s , for his unfailing 
encouragement from time to time, we tender our thanks 


REFERENCES 


D’HEREIiE, r (1926) 

Fiseeb, R a (1930) 

Har\e\, W F (1930) 

^^D1A^ Reseaece tnsD Association 
(1933) 

McKendeick, t G (1916) 

Mobisos, J (1032) 

Morisos, j , and Pal Ceoedeert, B K 
(1930) 

Pasteee Institete, Seillosq (1929) 
Peaesos, Karl (1930) 


Tlio Bacteriopliago and Its Behaviour ’ BaiUierc, 
TindaV &, Con, pp 607-508 
‘ Statistical Methods for Research Workers ’ Oliver 
and Bojd 

Trap Die Bull , 30, February, pp 131-132 
Tenth Conferenee of Medieal Beseareh Workers, Calcutta 
Go\ eminent of India Press 
Jiirf Jour Med Res , 3, April, p 667 
* Bacterionhage i,n the Treatment and Prevention of 
Cholera ’ H K Lewis Co 
hid Med Oaz , 65, No 3, March 

'Twelfth Annual Report, King Edward VII Pasteur 
Institute and Medical Researcii Institute ’ 

' Tables for Statisticians and Biomctncians ’ 3rd Edition 
Part I Cambndge University Press 




APPENDIX 

Additiokal Tables 

Tables XXXIV to XLV — jMoutlily Death Rates for Districts 
Tables XLVI to LIII — Classified Mortality Tables of Cholera Outbreaks 
Tables LIV to LVII — lofectivity Tables 


. ( 859 ) 











Kamrup district 

Monthly death rate fer 10,000 of population 


./ Monson, E j\hlfoid Rice and B K Pal Ghoitdhwy 801 


caO'-‘G'ico-^a)'^«~«i-^rtcoir300r-0'-‘OOoeoc?<-'C5'n’Ci 

CP’^O'— *COt©lOOCO«-<ii50t^ir5»'5 0C3«-^*-^00^«r^COOt^O 

a3c3'-*rcrcrooi>c^i:50'^»i^w‘c^«'^c^C'i irTt-* o c-i ?o 

r»ic^-t«OOOl'-05OO'^C^C^'^W50Q0OC'l'^C0C0OtNOr-O 

COCSOOOePOOCOl'-r-t*t-‘l'**t-L'^l>OOOOCOCOCOCiOOOO 


rsc^cii'ii-oiooooTtr^ociOcicoo 

^C^'-'CSOCOCCaOt^i-HiaiClOMF-tC-l'^lt'-^OOlO'^^OCSOr-H 

Cl Cl O cicr cT-^O '•* rHCO f-H cf 


COt^O-* t-.40-“ClOClC'lOCft'^''l oir-ccco<Mt*c^iaoo 
•.,^t-*i^o«i''^»o*-<'^itoc5cocoO'^’i<ot--*‘t-r-ciciooo 
COOr'OOOCM»-«^0*-*<‘i'OOC«ClOOOOClCOOCOOClO'^ 
O CCi-^t^ •-*'-*'f-H'^ClOO ITS »-<00 eOrHlO r-< Cl 


JOqUIODOQ 


?5C'rtCC'-»C>OCl'*C«0>— '•*'i-'iOCOlCClt-CO'^COO*-'00«— 
lO^Ot^Cl'^'T'Cl'^0”1'»^Ci'^Ol>**CO'^»-HO”1'*^Clt-000 

cioo^cc.-«'"iooa)'"io^oooO'-'Ooo-*^oo«-«cio 


vs O O t' CK> r- o CO O C** O t- O O 03 l> *-* CO 
JOOmOAOVT OCC^Cir-t-l>OOCCCOC003'^C5-^Cl'^OC5ClCOQOOrtOC-0 

' t-OOCl-t*OOOO00OO-iOO'^OClOOOO'-<O'-»OO 


OClC'‘*^'^»0Cl«-«-*'C"^t-O'0'NCl'^O‘^Ot-OCCClL0»-«O 

jaaoion cici'^cc-**.-'Occ^cocc<-<cir^^ci'^ioococicici«-^*-ici»-<p-< 

^ ^ ^ U3C'O^O0O000000'-H0t-0O0pH0000'-‘00 

Cl 

cccoooust-oooo— ‘•-'cocicrjcoo — cioiso'^^cocio 
Jaoazaidac ‘ — ou“-«-<ci-^o— ^oo-^co-^oDoccciCiisi-HooO'-'Ci*-^'^ 

^ ^ j •fOO^OO'^OO'-'C'OO'-HO^^O^lCl'-'OOO^O'-H 

1 Ot^Oii30^C'lC>r-03cOOCiC5t'»Cii-'3'i*C0^1:^Cl»«^rtCO'4< 

isnSnF i t-'^i'^i'^ocicJocc»Nt^o^oOf-'».'5cioft^rtO'i<oo« 


c^.-H^oocccocooor-O'^ocioor'Ociocooo-^cooco 

<^lCCl300t^'***'^b*lCC-'CO-^0-^ClOlO*-<OrHCOOCOOf-i’'}< 

<5iOO*-<’-4'C>'-«OClO'-*00O'NC>OC5OC^Cli£5OOOOOC0 

^4 


lOCOCOO-^-CCOCDOClO-CO'^^CiO'i'CCO’^Cl'^OO^CC 

aanp IOODOOiC— < 0 <X)OOOCCClO-HCCOr^»OCCOCCClCI'rrcDO 

^occoi-o— «ooo-ooot-oo~:ocicico^o«oOrt 
c • d Cl 

- 20ci^-^o-*'ooioccdi-tci'(j<cicociocj ooor- 

o*-<oot*-*-<ciccoooci— ‘cscioc^cico-^i— •OcoocC'^Ooec 
^^O0'-*<0'-^«»00C5OCl-*<0OO0Clr-<Cl»-l0«5^0CC 
w Cl r-1 cc d 


Xj^njqaj 




»^OOCCf'l'^C5Cl’^>*'lr*OClCl'^CCCOOOd'— tr-(ClClC5‘^0 
WOCOO^OOF-^OOOO^OOO^OCSOt-OOOOOlO 

^5 52 ^ ^ cS ®i O o CO o Ci Ci Cl tc ec ci ff\ ic 

0-co-^eocii>iaF-.coisco-t^^So§S2^oci§2dd 

^^'^00000**^00l00i~«00 Cl O'— *0000000^ 

^Sg§S®2g2^g§5Sgg5:?5-«2S3Sg§S§ 

r* O O O O ® o Cl o o »-< o o O O O O O o o o o o o o o 

"2|g|g§««sogg02”^gg^22S22„S5gS~ 

^000'-*»-*0'^00000'>^0000000000000 


^^^CiooooC'Csoei?^/— 



862 Bacte} lojthcKje in ihe 'ficaltncnt and Bievenkon of Cholem. 


> 

X! 

X 

X! 

w 

M 

"5! 

E-( 


H 

O 

00 
)— ( 

ft 

O 

K 

<3 

Q 


s 

o 

S5s 


o 

o 

o 


HO 

C3 

<S 


ns 

Si 

HO 

ss 

o 


a 

o 

-P 

J3 

CLi 

o 


^ 2 
ej J 3 *2 
O § <S 


I' Cl o I- i~ — I SI "■ c- a. ^ 1- i 

I- ir HiH ^ Ci C C ^ U5 I »-H l-H I' 
OffOr-HC^IOIOOOU^'^rsOt-^U 

o CO t- o '•r tfn< ^ -rTc^ 
lO *0 cc# O l^ t-* CO Ci O ^ I »:.' W 

cocococo'^coco'^T^S'-T'O'rr^rr 


c 

CO 


cr 

i--< 


o 


o 

c 





UJ 

c» 

u) 

f-H 

c; 

w 

C4 

<;-» 

o 



C3 

00 


o 

a 

Cl 

o 

01 

ri 

Cl 

o 

O 

cr 

CO 

LO 

i- 


o 

1'-*' 


CO 


o 

rH 

n 

•c 

o 

O 

i'- 

co 

Cv 

o 


C4 


« 

O 

i-' 

c» 

Ci 

rr 


'er 


) .» 


IJJ 

O 

w 

u 

c 

o 

o 


LO'-*•'±col-coccco»o^oa/r^c:^•-»coc^lriCi0^5la?^‘^o•-J 

ioou:>coo»-^o»-^*^c>vi-«c.5Ci«;<M*-<oco«PO(Mi-<rr^c5«rt 
0'^OOOOl^u;COOOlOir3Ci3C<CO>'5»--»CIC5C5 O CO rH CIO 
10C0«^cT C4»>-<CO CO 


a 

u 

>< 


Ot^COOO'-^<M'^'-*<iOOt^OOOOi-^C4COT{<lOOr:;20^0;^0^ 

OOOO*-4»~l*-^r-«i-HfHr-<rHr-frHCaC5C4C4C^e4C-l^C?C4C0«g 

C3C3C9C5C50CJOOOC»OC»OOC500005C5C»^^222 

»— 4 fM »*-f ^ rH ^ ^ ^ »«H f— « *— H I— J rH rH ^ i-^ 


Annual 
death rate 
per 10,000 

1 

ocooi^i^^M‘»^--'i**-s,ccoo»ci^cic^c::ictOL'5 0irc3CW£:: 

C4r-Hr-4CO»OCOiOr-HOir5CCOC:5»OCO»OCiCOC^»OCOOOHpOCOC30 

oo*^isoiio<McOf-HcDcr ocoo*««<cOi-<coir't^p-^cO’^iocococ* 

irSr-HOOr-tC'l Of-Hdr— iirsco CO r-4rHf-H 

P-H 

J8qai9D9Q 

t*COHilOl:'OCCOO'^r-ir->t*OOOOI>CS>COC4H^ioOThCslr-lO'^® 
OCOrHr-»Hj»OI>rH(Mir:,IOcrit**lOOIlOTpOCOi— IOC0C;5t— Jr-iOC*' 
f-<r-4OC'l-rj<OOOr-ieCOC0CCOOOOOOOO»-^OO»-*4»-<<^* 

joquiaAOjjj^ 

OCIO€OCCCOCOCO<MCCt^ir'C>OOiOt^OO»OCOi— 
C-t>COCP*0^‘^00»--*l— C'IOCMC'lr-HO<MCOO'lr-4C5>O^C^'^® 
OOOO^fOrHOOdr-Hr-HClOOOr-^OOOOCIOOOOi-^ 

jgqopo 

r-<r-<CCl^OOt-»r-»lCOCOOCDCriO»— iCCOCC-CilOf-iOO^rHOtr-C^ 
l0CCOdp-HClTj<cCC0dr-Hf-Hlf5C0'^CMC0Cr‘iQdC»300<Nr-<i-HOC5> 

oooorHoi>oo»-Hr-40oooor^ooooThooooo 

jaqoiQ^dog 

<OC4CO'^'^'^C>|i-4CIOr-Hi>OOCI'^CQOcCeO»-iI>t^t^C^10r-* 
I>C<ICO‘^»0<MGOt:-Or-HOOCC<NC5COCOlOC|<N<NCOC»C>00 0 

ooc50*^oc^ooc^c^ooooo*^oooo<Mooo 

?enSn\i- 

CO€Ort«l^OCOC^CCC4>ClCCTilOC|COC^f-HH^iO'«:i<^C'IODt'^l>C^ia 

C^lO'^'-^t^»^^OC'lOO^'^lOr-tCir'r^r}<'^ir>SOiOp4or^OCO 

0r-tc0*-l00c00c^0w^00ff^00t'0000r-<00000 

f-H 

i:[nf 

•^OOOr-<OOCOCOOrHirt>COC4CDOC50»C4t'OCOO>IOeC*-HOCD 

r-U3<MC»'^lOCDC005fl>Cet-Ort<CD>-<COcOt>C»CCCOCiOICMCO 

l0i-tC0<MrMO^r-<ri‘OOC4C>l>OOOOO»-tO«-HOOOO»-H 

C^ rH »-4 »-< 

annp 

C5ClHj<CO<D^iOOr- tOOCOCO-rHt^Or-idrHCOCOt-lOOC^OICS 
t-»'TtiCOt-COC*OOt'*CC5<Ot^O'^COCO{M'^COTjtdCO'^OlOrHiO 
0003COIOOOO'Hjlt^O»Ca5rH<MOrHt:^OOCDddOrHOOO 

CO r-H 

1 

iSej^ 1 

«)OCS>t*l:-OrMOOOl--'i<OOt-t'Cll>l>Otr5COGOO'^CO^t>02 
OOOC-|CDt^l7-C5C^!r-'>!j<C4lr*COC<ICOf-Hp-tlOO>O^OOOOOa>COcOTr 
Of--«O(M'^»-<OC0C'l{Ml0rJlr-lOOrMU3OOC»^OOrHOO»-» 
d «M *-H 1— < (M pH 

1 

pady 

p-t,-,di>Hi<ir2Oa505O00i>u5i>i>oO‘^pHOCiO0CO®^C2 

Oi-Ht-'C3003C0C^CCC>CDCDl00^»0cDQ0d*^l0r-l0C0lQrHpHrHC0 

C0rHa5OOOpHOpHpHC0rHOt>OO’^OOO»-<OOOOOO 

<M P-4 pH 

qaa-apj j 

<M',i(t'<»oc'eoooocnsir-<rfio500 05C'3'eo-"'-'05’-<«>!SS2 

«D,-ieOOm,— it~»0C0C00>l010«5Mr-l03r-(l0Ol0'-<5St~®®^'^ 

eOr-dOOOOOOOOOOOOOOCOOOOOOOOOOO 
pH PH 

ifjBHjqg^ 

e<ic'oo<Mioooeoooo(MoOTj<iOi--(cccOi-(oor*(Tj'coi:~iosi«2e<io 

ISf-IOMO-^rlOF-^CleOr-ISlCOr-lr-IOS^^-li-IOOMOWr-lCS 

«0r^t~OOOOOOOOC>OSlOO<MOOOOOOOOOO 

1 

iCjanncp , 

<3^lOOCOlO^OOCOt-t-T^^’*!^^^OOOCOddH^^OOOC5C5W^^5> 

CMC^C9OCD<WoC‘1OrH00>-|05,-Hff»pC'|pHpHOOOOC|<MO-^c0 

ioo«-HooOoooopHoo-5ffoocooooooooooo 


Tablk XXXVII 

NoWGONO PISfRIOT 

Monthly death rate per 10,000 of popnlulton 


J Mo}i^on, B U'llfonl Ihcc and B K Pal ChoudJiwy 863 


( 

1 

1 

Total 1 

annual Population 

death? 

ir* 1 --. w o Cl o CO L"* ^ 'S' i-p 1 o 1 '* ta •<j' o o ^ ^ 

cip^^widOp^cocoO-s‘C4Ciia*^o 

o‘-*»'‘co Cl t-*'r-roco'i> f** d'csTtfTiir CO cf«s P Sf ^ S2 

rrj fTi nO a Ci ^3 p^ pp* Cl CO ^ O t"* ^ p^ Cl "'i' lO t* CO O Cl ^ CO 
cicicicici^copopocoppcoc^cOco“0**’pS’ps*‘^*l*"5'x^ooiao 

ooi-ocii^o»5pococ<'ia'**S3i^iaiaoc'C>op“C^oo^^^ 

oiaocot'oop^i'-oi-co — OO'T^O'-'COOOJ^^IO’O'CI 

S «arioC305ClC3pH a r-<pp^lO^CO 

pp •"« r-<f-s 

5 o 

ss§ 

<3 e3 *- 
^ CJ o 

J3qUl9D0Q 

J3qni3A0\ ’ 

joqopo 

22^-C“Ococioi^-*“S>'^»‘0'SOiococ3eicooocoo 

COX«-<000'3'<^i^COO'-^'^C>p*’-3'OC5caClOCOC3P^C>t'-‘rp 

i-.p.4cr'coo'0i-<ccc£:0r-ir'p^i^f-*»a'^«-<ci^o;^'0'cpooo 

CO O CO OClClCi'O rHCl CO CO 

la p**c£ippoc>ppC3to— ‘coo'^r-oocot^ciooooc^o 

p-dia-xi^pH — *(2000-^0 — p-t-4*oc5c? ^ 

00-00 i-o otp*^oooooco ovaooo o 

QO O CO lO p-< O P-t O -f CO O O O O t' Cl -« CO lO p** t"*i‘ CO 

t^r-.p-j^fc.tx'ociocic*— 'O p-*o r'^F— ooociooO'-'O 
ClOC^Ot^O'-^OO***p-»'-'OC0 OOOOt- 0^00000 

p-t C-1 p^ 

00 p* o la CO o o o o o r-t ia i> o CO t- o p-< •i* o f -5 Cl 

ai»-P»-*f-HPO‘^lCOOCOOp-<Op-tOClOpHClOCip-<ClOOOClr^ 
ClOt-OOO'^Op-^tPF^OOOOOOOOOOOOOOOO 

1 

jnomsidoc ‘ o o o ^ tooci — « r- « ^ -• o T-H N o 

J^ 4 tu«#^u 5 p^OOO^O'-^t^O'^OOO-^OOOOOOO^OO <z> 

jsnSnv 

r-opoootp>p-ttprpcc-»acocoooccocirprpoooo 
ClC5C^OOpHCll3OOt-“P-«O*^OC0O ©ooc-^co — ' o 

CO ClOOOOO»-<ClClOOCOOOCO Op-tOO© o o 

<Mr-«c9u'5c^O'-'U5cooo-^cic-iorHC5e50C'ic^»a 
£u\r OOOC3'^-tC10CIC»iOC^^OOp^^OOC^C3^-TCD ClOO 

1 •*■ O p-' O U3 O O *“3 O O rt O O eo O O o O rt o o o ooo 

9nnp 

^ p*< COtp O pH O p-* C5 O O lO O © 01 F-t © CO o CO c> Cl o 

»©©coocioocpH\aci©p-'ooc»p-»pH©o©t>coo oo 
^O\SOpHOO©C 0 Oi>OO'-i«COOOOtpC 0 OO»-i oo 

P-* pH C-l pH 

S-m 

»a '^oo©ciccoocioco^-coiao'H<oM<cicipi<oiot-*tp 
Odp^pHtpOOrJ<COpHOClOiaClClpHpHpHt— tptpOCOCOOO 
— OOOtpO«-4'OOOO©OOOC0OOC0C^Cl©pHOOO 

PH pH ^H pH pH 

judy 

2®**‘5>o©ciiaaDcot^HHcoi-Hoco 
OdO-^COOC^CpOCOClCOOOrHpHpHrHClOOClMOrM O 

oo^^ooocao^gt^oo^oooooo-iooiMo o 


tPFMlOiaO OOOOCOoOrHpHOOOClOrH^O wJ^Of^^ 

® p^ O ^ lO Cl O pH O O pH ca O O O OpHOO 

JJxBtuqsj 

°-<MSi:S5°S°S§<=®??gg^§gg;-§2ogog 

^ ® ^ ® ^ o O O O O O O O O O O O Gl o 

JCjOTin-Bf 

®c,s;;2?:®®°ssss^§®g§§g2§§§3°0 

OOOO^ >000000 NOOOOOmOO 

Year 

PHPHiPHPHpHpHPHpHPHSpHrHpHS222^^®®ClO©©Oc* 

^ ^'“’^'"^^pHpHpHpHpHpHpHpH 


Table XLII 

South Sylhet sub-division 

Monthly death mte pei 10,000 of populaHon 


868 Bacteuo2)Jiage in the Treatment and Prevention of Cholem 


i 

1 

Population 

*OOCDffO^^COl><MFHC'llOOOCOC'^<M!>t^C^COO»-*OeOTHf-t 
^ ®2!, 2v ^ ^^ocooO'^o'c'jco 

OCiCiOOOOO^i^^i^i— itMr— IrHC'lC'lC^COC’^CCTi^-T'^ir lO 

Total 

annual 

deaths 

•^*fioocc>cDcoocoiOi^coi>i>i/5<Mcocot^)r'fi'^ir'co^’^ioo 

i'*Ci*-<i>r*i-^«occoi-<oo(Nco»oOffC>r5cccMOotooff^<Moo 

«—?" ^ f— ( «— < 

Annual 
death rate 
per 10,000 

1 

COCOOOfO<MO»00<M»I^CO'^CCO<Mr^'^WCOCOlQCOr-<r-<CQCOlO 
cor-H ocoo*-»ior-ioccoc5C'ooeoOf-<{Mc^cocoooOi-<c<JOco 
OOr^'rJ<0»0«OC>tD'Tj<MCCr-tr-*F-l(Mr*^(— •r-‘C>C'1»r‘0'— *»OrHCO 

[ i-HCOCOr-«i-HrH CO CO^ r-lC*^ rH r-i 

jaqinaoo(j 

— It^ •l(©-i(r-iC3 1~©OC<)00C<IO10 IT'CD looooxjmo 
-afco OIMOC>l0O<»OO<?^OO<M OlO 0(M<Mr-l— (OO 

»— < l-H 

aoqiuaAO]^ 

>-i©lOOt^lO<MC<5(Mlf'01000I'<MI-'Ot'— lOOmcOlO'^COO 
l>OOr-iC0>-<O©CTI:-O roOOlO O© COr-ilMIO© 

O rf o O -ai O O <N O © O ©OOO OW i-l r-l O O O 

1 OOOOOCDO>0-I<eaO>OONOOCDOO'tOOOC5CO!MI>0 

jaqoion oeioc^o c m ooMr-nMM 

OtOO'ifO iM © o ooooo 

jaqraa^dag 

ooooc<i'Mo©o-^i'5>oooiMOC5e'ioc?'i<®o9t:*£3^'*^ 

<M <NO© O 0©00r-lr-lr-f©000 

®0©© © (M©0 © ©0©0©0©©0©© 

^snSny 

f<50MO©C OlM©'#O(Mr'©OO'^©<MOC<'00O©:3lr-(Ca 
>-( IM a (MrHMOl— fmOO IMrtilMWO'-iO 

O O <M o©ooo o©o oo©oo©o 

X^inp 

oeocoi>c^oc^ooc'lJOOcocoi-<o-^o^-rH'-<ioco^o:>»-^«£>r? 

J'-OOi-HO ■— iOOi-H lo a r-<O0'-<(N0r-’^OrHO(M 

ooooo OOOO OOO O'-fOOOO’— <0 01000 

aunf 

OCOC^O»0 0’^OOCOOCOCOOC'lCOOt^t^OOp-<t><MO'iJCO 
Or^^Tt‘CCO<^^^OCOf-^0<^JlO^D’^0»^^C'10r-^'rf•t^^cOI>OC'^MO 
00-^0000 (MOOOOOcrjOOOO^OOCOOOOrHO 

Avk 

rtit^©(M©COOK5©t^'a<mTO©©(MOIM(M(»OcO©©©©^ 
locce-oco'^cooo'ij'©— '©oot'OiMrjir-ioioMio'l'Nr'iraioc'i 
i-HlM— <©O<Mt-<ir©r-l>-IOC?i-l©10l:-OIM©Oi-(r-)r-lOC''lM 
r- < r-t i*H 

judy 

) 

OCOOmt-'ClO— <Ot-OO*-HI>rJ<O©lOt^l>^00i0C0^gO 

OOIO^O»-<COlCircO'^OOt*-CO(NO»-^ 

OO^^lOO<NrHT*»OCO»-<OrmOOC'7 0 Or-»Or-»r-trHOlMr-' 

^ cc 


®r-iooio(Moociooc©>nt~t^-tf©©©o©©^5-ig«r?^^[;; 

r-<OcOOOOOOO*^OOcOC^lt^O<MO*— •Oit^OOOOC'»r*r- 

<M©eOOOiM©0©0>-<©0^©0000''^0'-'0®'^®® 

Ajvnjqoq 

i 

rtt~©^r-<e-(M©o— 'ir'0©i.-'0'^>''=>®*^ X,'-, 

<M©,-lOO<MOO— (©'-‘©OMOOOOO— ' r-JO©©©© 

yfi'Gnu'cp 

©coc<5©j;-*i‘-#-it'0®oojoe-o^oggrgg^22^oOT 

•^i-«Oiroooc^ oo 

OP5{M O^^^OtMOO (NO ^ OOOrH^^O O 

1 

! 

Yeat 

©t~cr©o^(Mco'it'oo£-«20;;^g’g;5rtg5?, 

^ooooooooooooooooooooooo^^^ 




North Svlhet sob-division 

Monthly death rale per 10,000 of population 


J Monson, E Milford Eice and B K Pal Ghondhiny 869 


o ’ i-«ot£ioc»co*-'ocor't't^coooc4’»i’oc30o^'i*«lojsc5 

^ Cl*^t30'*^C3'^00«COrtCO-^CC-TOOOOC'lrt^lrOC-IOOQ 

« ’ ctco-^^^r^^^oaicr— "c-r^j'Ot^crc-ic^'Hv^oco^F^oo;^ 

o 

Total 

annual 

dcatliH 

ocou'^--^ — 0''iooc»aicoe?*^-^'^o2>pofri^C50ao^ 

cjc^ci»SkiJ'^t^**t^aooaoo-roco'^ii5crC'i-fCjoci2'S— . 

tsooo — — OF-i-cortc-C'O— ^ 

A^f A1 .-Tg-I ^ 

\nnual 
death rate 
per 10,000 

ciccoi~t->2t-e'ooo-“'lc'c>t-c'oc3;i;ia'*2ocj“r;^ 

>^5— ‘»2— 'OC^C-l'—t-C^OO^lC^'^OCl'^lOCI 
^,— vJi F-C-l— ' i-<Cl r-ST-ti-H 

jaqniaasd 

-**ocjooooo^e-5ei*'i‘*<j< — •^o-*<oc^o£:000£5^t::5;o 
ii o t- o o ^ o O O O O O O O O O OOOCOOOO 

— C-IOOOOOr-*— O— 00C5W0*1<00« OONCOf-H 

jaqma vo^ 

<-»•*< Gl e^oooo— <«— MOOOCsOOOCOe^MC5t^&^'— ’^C'l 

00 o o o « — — O o o oaoi— CO o ■'i* o o « o o o «o o 

O — OOCif—O-***— oo o— 'OO'^SOC^'^'—O 

jaqo^oo 

C^OO-^iOr-OOG^t^OG^OOiOOCOOOCjOOCOOOOO^O 
C^O a^Op-* O— 'W Ot»^ C50 OOi— <M 

OO O O 2^2 0«0 OO ^ OW r-too 

jaqotaidag 

•*'-*'0»^e^-“0^'w©t-oooO’'i'i^^»-»Ocoi50ooooei 
GlOOO'— coo C^rtO-< F-^OOOi— '^O 

OO OOO 2®***® oooo o»-ooooo 

ISnSa^ — O — — CIOOOO U500r-*0C^^ «*4<C50®C'l»-«0 

■♦ ' ^ O O O 1 — O O »-• o 000*-^000 O'— ooooo 

^inf 

oOGioo'ooocrcooe^i — *-<ocoispi<o\aGiOi— cooL-“Gi 

C^-MCOCSCOOC^t^O'^ C*5GIG^ lOO’^OOCOCONrtCOCJr-' 

•— o O O — < O O O O OO— —00 — 00000000 

aouf 

OGIOOO — t^OH'C0OC5Ot-GJt-t-pi*C0 — OOb-t*»GlCOO 
C-GlfCGGlC*00< — C<»COO^«G?GIC»ON — pMt-CJOC^pi'Cir^ 
CtOO*^— O — — OOO — 000« — OWO'4'OOOOC^O 


occ‘t-0'**dbGio — oco’^ooi^ois^ooco — ^fMcaeacTi 
*^C***^V''SC-CiO:>CO— OQDCT'XOO'sS^ptCG'OOrtOi-^ViOO — 
©O'— OOOC^OOOO'-J'OOOCOC^OOOOOi-tOOOO 

pidv 

OOaO-t' — — — ■OOC^C'l— C5 — OOOO-'fO^Gl 

— Gl'*^t-0 — p-OOOOVSO^O—'OO'^O — oooooo 

qoaBj^ 

^C*00 — COOQOGJO — »-«t»COO OG1CO^t^l>M^ea — « 

OcGOG^ococ^ — o*^cciartoc^OGi*t't^iac^ooi3iowci 
— — OOO — — OOOGIO^O — OO — oooooooo 

iiunjqad 

t>0 f^*^’*''-0t-000G^C^-MC-5ClWi-iG100iacaG<t» 

o — oooo— OOG^O a-OO — OO — o — ooo 

iienunp 

ss: :;srJ2£: £s!s;i£r|SS!Sis 

U 

§ 

rH 

liissiisssiiiiiliiiiiliii?? 

if 






870 B(ict67i02o]iQge m the Toeotmeut ciiid Pi efue'iUioii of Choleia. 


o 

4 - 

eg 

O 


^C^^CO^r-^t-^CCC^lOr-^t-MOCOC'lr-fOOOoCt'CPOOCDCOci? 

52 2 E: JS fi? 'S* E: “S' 5 t* o' ^ ^ •-^•iit-onto <£ eS 

523 ! 5 !? 2 '' 4 '®'^'^®*^^t^'>t^r'ooccocojc 5 C 5 C'oooolH 



OeOClOOrtOUS'i-t^NJnr^lMCOCOeOtOOlONCDO'g'CC'i'OOO 
TfO'je50>QC'C'je-ioo»-icoc(Mi-'t*'oor-t~)coio'i<t'®i-to 
— Or-IMTjiai (OP' Ol-Hr4i-(44CO to rl 


-4 W W* *i-,’ t 

COCOC^QQ^IOI>»« 


> 

h-H 


X 


w 

►4 

M 

*>} 




a 

o 

M 

ca 

l-l 

> 

»-t 

R 

( 

n 

R 

M 






Annual 
death rate 
per 10,000 

C 5 <D.Ot* 00 *-ttv,(^^tOC 5 CD*^'— <OrMCC’ri<OC‘COrHtv^-<COC^O 

1 tv-^Oi-HOOOlO’^^CCrv-itNC'Ml-vcOC^-^C'lOC^^'-^COlONi-HO 
t^ir'OOOMl^<?^r-t(Ne 0 <M^OO'ri<O»-<'d<C<'C^C^C 01 :-r-<<Mr-! 
j p-<CC*— ‘•—tfHCOrJi <N’^CO CO O} rv 

i 

g 

jsqtu 900(2 

Oa) 0 'f(MOi-ieOO-<j(C<)NC'r-lOi-INt-CiO'g<'^COOO'<j‘ri' 
r-HCO rrf<iO»“»COCC 000 «>^cc COOC^<M OCO'^C’C'IC^O 

OlO OOCOfHi-n l>OOCCO C^^OOO OT}<O»“< 0 r -«0 

s 

g’ 

JoqtnoAoj^ 

Otv.O<£>C^'<j 40 C*Ot-OOT}i-i<OCOOiC^'-^<OOI>'^t^rJ<C /503 
r- )OOOCD«-<OCO CDi-HCOO<NO 

lO OiMf-hO-^OJO CC O O CvJ C O O rH O O O rH O 

?=4 

' 4 ~-, 

o 

o 

o 

joqo^oo 

000000050 WOC 5 CO(NOOOM<r}la) 0 » 0 ''i< 00 >-H< 0 (MM <0 
(Neowoio eDOO-girrOOCO NO Oi-'NON 

—< <0 ft o C" (MOOt-OONO ©O i-lOr 4 ©lN 

O 1 

o 

i-H 

j^qraajdog 

C 3 OOM,-lC'NOOr-©(MN(MNri? 4 i(t 0 '!i<ON©Or-(©e 3 M 

o P'eO’PioPi N o r~ o © N ^ o ■-< ©t-p-'tti ©O 

O ■>* ©i-toOrHOoO OOOO N© 

<*>» 

•KS 

^stiSny 

^ 0 'H'C 7 >OCOr}<C^OOO(MoOr*<OcOO'HHOOOO)'^Of^ONO 
•—I OOi-^OOd tv 00 l'vcrr- 40 t> 0 '^ NCCfHO »-< 

O OOOOOO »— <000000000 Of-^ 0 »^ c-'t 

««. 

•Vi 

efinp 

1 <M'*INN©l'~'r)' 0 ?O--lO''J'l 0 © 0 'lP 10 N(M©in>' 5 ©©©N© 

C 04 -<(M<j:io-')ll '4 0 N '+©I:~|-I©N'-I© t-t'N'g'O© 

00 © 00 ©© 4 -l © © 04 -i 00 © 0 'H OrHOOO'-' 

►•Vi 

f 52 

oimf 

Tt<a 3 CCi 4 j<t~O©©©©©<Nt~-#O©N'i‘ 00 ©t:'e 000 ©©»O 

Ni— •lO-rt'ON© ,-HCC'-lt~>d<(Mr-(NlO<-'©IM'— lr-(ror-i(N©i — 1 
i-IO(MOOr-i(M O©O©'-‘i 0 oC' 1 OO'^©<-'NOOO©O 

•Vi 

O. 

; 

1 

ifTJJlI j 

CDOO>-**-< 0 '-<'^r-»OCO(M^lOCCOlCOl'vOOt-Ci^Tj<OMOCO 
O‘^oor ‘1 tv^-«^f-((>ji>iri£:^F-ioor-N'^tMcDc^cO'-''— fC^r-< 

r-<OCOiO Orj<ooooooooooooooo<Mc^oooo 

rH rH 


judy 

ie' 4 -<-^oo©Q 0 ^ 4 .-i«)©r-i-#© 4 fi©© >oe< 500 ®i 3 ' 0 ' 5 £?® 55 llI 52 

©,-(i-<© ©OON'-H lOMO© OO'rJf'-^NN'TCO (O ft tot 
r-eooo© <-i<NO© 0©©0 COOOOOONO ©O© 

t— • 


qOJTJJ^T 1 

^Ocooir'a»FHOF-<<MOiroooc'\-^(NQOOOOOOOOO^ 

c<icMcoi>r-«orN<N'-<Oco»-<ooorv\r 50 '^ooocic^'-^oo 

OOTj<OOOOOC‘OOOOi 5 ' 10 C' 100 'i^'^ 0 <MOOOOO 


eCanniqoj 

CO<NC<"©-«t'CO<MMOOIMNl-©-* «:Og; 2 Mt~C 0 N^CCO 

4 -ioo ©r-<r);C 5 r-< « 0 ©N ©•'^ (0(0f‘txtt~p'(0<0t0 
■a ft ox ooooo oooco oo nooi— ' coo©© 

^ 

1 Arenntjp 

^ - -1 

f- 4 t'©©©©-l*Nt'-©""ON©-^O©O> 2 C^OC 0 NOC;^O 
ON© OOl'i— 1 © e<' 0 ©N O pit' Pi to ft Pi o a 

ft <o~» ©©,-<Nt-< ft ©o© -I ©o ©eiooo© 


\ 

ot^QOOO-HC 4 e'^v^*ij^o^-oooOr-((Mco'+>oor-^oo^ri 

OOOCaOOOOOOOOOOOOOOdJC'OOOOOOO 
rM ^ ^ fH f-H fH ^ fM F »4 rH f— < fH f^ ^ fH rH rH fH f -4 fH ^ 









Cachab district 

Monilihj death rale ■per 10,000 of jmjinhlion 


J il/o??50??5 E Milfoid Rice and B K Pal Chondliwy 871 


1 

o coo^o0t^co0'*‘c5r-oocsr50cr>0'^c'idoco«0rtc^ 

C » c-J ’*1'^ 

^ rf 4^5 o c^f o « c* o^'cTcc i> r-To crcrrt^(M*'«r) o'rf 

^ l'«C0C#3C3 5»OOOO*-<'-<r^C-IC'lCJC'»CCCC'^M'— <l^l3C50r'l- 

^ •-*'--'»ri“'i5»'^iCOO'3U5ico»oiO\ai3ii5iavoiaif:i'^ 

fS 1 

! 

Total 

annual 

deaths 

0r--^i'-‘0©ir'00C^'~narHCi-c-tii5^-ii-‘0C20-*(?icir^*^ 

owccwoocs-tc-c^ccot^cr o 

W « ^ 13 CO 1-^ O •-< O r-H O I-1_ — ^ t> t-* CO '•‘■t —1 O f-H Q\ 

i—i '“1 r-« »— « »— i r>H CO i-M r-t 

Annual 
death rate 
per 10,000 

‘^l^-*■*^l-'^f-‘C33i^^C•■lCCc3\3l-''C-C^C-‘t-•C^t3x3\3f-- 

Cr crtTJCl-^OOO**^— *C5I— It--cr>i3«c3l3l^31l3c3'00-r'^^ 

CO C'O CXt-H Cl 

jaqraoDOQ 

^ cr Cr!3c0c0,30t^0?30'^**‘^c000'»4'0c3*^f-^C1I3 0 
c0»-HOi^'OOC3OOCIO cso-cot- 
O»-O"^'-‘OOC0 ^00C^00i-<0000 c^oooo 

43qra3Ao^ 

C:^ci0i3r'0-t'*^'^t-^ir'<c^'^‘^t^c?0t^-+'0*-<ooooc?o 
— l-*3>i3»3*-*»-^OOCr^,-^000'^0 cOO O r-i C“ 

o — C> O o O O 13 o ^ o o ^ o o o o oo o o o 

joqopo 

•-<CjC 0CC-“O C*Oa30l3r-*l3t>r-»»-«-*"C100t^rHOCll3t3 
‘-^^O^-*'’-*’31C0t-^C0O'-^C^Clr-tr-li— (OOO Clr-iOOC^O 

ooooooooooooe^ooooooo oooooo 

J3<\TO3ld3g 

— -«-*>3i‘*CO00OOCli3Oi-»Ot>OC5C^C3OI>cqc:‘M'*-O 

00-^‘~^OCIi-H»-»f-^C10'-^0'-lr-^i-H0Or-lOOC1000'~^ 

OCOOOOOl-OOOOrHOCOOOOOOOOOOO 

^snSny 

^-^C-C0t-O*-VC-OOc3l3C5-i<13O'^t-C0Ol3Ol3'^'**<CTC0 

i-'Cl^f-4C*«3CiCl»-'i^O*-^OC0*-*C-OO'-‘OOOO'^OOO 

'—OOOOOO'COOOOOOOOOOOCOOOOO'-^O 

^pip 

C-Oi‘“i3-*<'-^'Clt^e^OF-4t><3ClC0'-^<3x3C1C3’^crit-\3C»C'O 
CC-MC;C-COCai3CrOClClCJl3COClCll-rMVtoOC^OOOCO 
-"O— ‘Or-iOOCJOOOOO»-^OOF-<OClOC>ClOi-iOO 

3tmp 

-Jt-^‘*^coaOOt^c^«coci'*i'COC5i-» t-iWOOi^oc-Cii'^'cr' 

OCl«2C3-^»-*'^0'^t^t:-i30ClClC^^Oi-iC^OO«^irOClXioo 

C50'®'^<M-I'**^000000*^0i3ci0a>00«00000 


F-iC-i--crca*^C^’-ft-O-i<C0CCQC000^C?I>!>t>O-4J|'-.-4'ef't^ 

Cl«-1C5t^H:'t-t-CC'^l>i-iC5COC5cOCOCOCO’^C-5C^OO«Me^^O 

lCO2’"‘^*^^<^^'*^<^^OOC0O^C0OC-OrMr-<r-'OOOO 

judy 

ooc-oi'3CJi-it-.-cr-i«c'^'^nr-<aju30(NQOi;;Soo5^o 

'-02'-<=’«>=0<=0'-<00|10Mr-,-<OrJO<«,-40000 

qoxBp^ 

oe.^t^^OOOCi«OeOC1cOC^C3CJ<MOOlSt— „ 

t-l3^M<Ml3l3C»Or-^0<MC^Oo5^SSSSoSo2S2 

C1O'^OO’«J’C1OOOi-<OO'^OOi-HC'13OOC0OOOOO 

jCxmuqa^ 

c* 13 o <"1 O Cl O o OO Cl o Cl Cl O M* >— 1 M I-I ^ ^ , 1 -, _., 

L-C-OCNOO o^gSSSS^^gSJsSSg^-gc^ 

Cl O O O O 01 -1 00000l=00.-<0-^000000 o 

iiunnop 

*^0^Clr«*01r-C10CllS^-«*'-j»it/-5 ,_U_1, 

l=c-I'-it-0<MrtOO^OOtr-0 -«oSMO?jg=^2=^2 
oooooc,^o^oc-oo«o ^,oooSS« s S 

U 

ei 

ilsiisiisiiiiiiiiiiipiiigg 

^ 1— t ^-t p-t 


Groups according 

Bacteriophage within 48 hours No treatment to treatment of 

cases 


872 Bactenojpliage in the Tieatment and Pieventwn of Cholem. 


Table XLVI 


Moitahty of cases according to age and ‘penod 
Sibsagar 


Age groups 

July 19 
to 25 

July 26 
to Aug 

1 

Aug 2 
to 8 

Aug 9 
to 15 

Aug 16 
to 22 

Aug 23 
on 

Totals 

R 

D 

R 

D 

R 

D 

R 

D 

R 

D 

R 

D 

R 

D 

M 

0-5 

1 

4 

5 

7 

10 

17 

16 

13 

4 

4 



36 

45 

55 6 

6-10 

6 

6 

9 

13 

12 

18 

12 

9 

5 

2 

2 

1 

46 

49 

61 0 

11-20 

1 

2 

10 

11 

29 

17 

17 

2 

8 

0 



65 

32 

33 0 

21-30 

1 

5 

4 

7 

18 

12 

11 

13 

3 

2 

3 

3 

40 

42 

512 

31-40 

0 

1 

1 

2 

7 

5 

2 

3 

0 

0 

0 

2 

12 

13 

52 0 

41-50 



0 

2 

2 

2 

3 

2 



1 

1 

6 

7 

53 8 

51-60 

0 

1 

0 

0 

1 

1 

1 

0 





2 

2 

60 0 

61-70 



0 

1 



0 


1 




0 

O 

u 

100 0 

Totals 

9 

19 

29 

43 

79 

72 

62 

43 

22 

8 

6 

7 

207 

192 

48 12 

Mortality 

07 85 

59 72 

47 68 

40 95 

26 67 

63 85 

48 12 


0-5 



2 

0 

7 

4 

6 

3 

2 

1 



17 

8 

32 0 

6-10 



1 

2 

13 

2 

4 

1 

2 

0 

2 

0 

22 

6 

18 5 

11-20 



3 

2 

11 

4 

6 

1 

5 

1 

2 

1 

27 

9 

25 0 

21-30 



0 

1 

6 

1 

4 

2 

3 

0 

1 

1 

14 

5 

26 3 

31-40 



1 

0 

4 

0 

3 

0 

1 

0 

1 

1 

10 

1 

9 1 

41-50 





1 

0 

* 2 

0 





3 

0 

0 

51-60 






• 

0 

0 





0 

0 

0 

61-70 




1 

0 

1 

1 

0 



1 

0 

2 

1 

33 3 

Totals 



7 

5' 

42 

12 

26 

7 

13 

2 

7 

3 

95 

29 

23 39 

Mortality 

1 

41 6 j 

22 2 

212 

13 3 

30 0 

23 39 



R — ^Recovered D — iD,ed M —Mortality percentage 



J 3Io}ison, E M\lfo)d Rice and B K Pal Choudhuiy 873 


Tvble XLVI — contd 


“•o 1 



1 




1 


1 








1= 1 


lulj 10 i 

Julj 20 
to Aug 

Aug 

^ i 

Aug 

9 

Aug 

10 

Aug 23 




g a 


to 25 1 

to S 

to 

16 

to 

22 

on 


Totals 

a 

Age groups 


t 




) 

I 










tr p 

1. 




, 


1 










£•- a 





1 




■i 





i 

1 ' 


S q = 


R 

D 

R 

D 1 

R 

1) 


Q 

R 



D 

R 

D 

M 

o 





1 

1 




■I 






! 



0-5 ' 


1 


i 

2 

1 

3 

o! 

1 

1 

1 


1 

1 

1 

5 


0 


0-10 


1 

1 

1 

1 

5 

1 1 

> 

1 

M 

3 

0 1 

1 

t 1 

D 

1 

11 

i 2 

15 4 


11-20 


1 


1 

5 1 

o 

3 

1 

0 

1 

2 

2 i 

1 

1 

1 

0 i 

1 

11 

4 

26 6 

03 

Pi 

21-30 1 


1 



1 

D 





1 

0 

2 

0 

0 

o 

/ 








1 



1 

1 

1 




31-10 







1 



i 

1 

1 

1 

3 

75 0 

2:S 

o 

s > 

41-50 1 

1 

1 


1 

1 


1 

1 

3 j 

i 

1 

1 


1 

1 

i 

1 1 

0 

0 

=; 

H Pi 

51-60 1 

! 



1 

1 



1 ^ 

, 0 

1 




1 

1 

0 

0 

bJ 

61-70 , 

1 














0 


1 

1 















S 5 

1 




1 


i 

i I 







i 


u 

1 

1 



1 


1 




1 


I 




I' 

Totals j 

1 


i 


14 

3 




o 

3 

0 

32 


22 0 

*< 

j 


1 ' 














s 



i 

i 














Mortality 

! 

1 

1 f 
1 

i ! 

17 6 

28 6 

28 6 

0 

22 0 



0-5 

1 

1 

1 

0 

1 

0 

1 

3 

0 

1 

2 

0 



8 

1 

125 

03 

6-10 



6 

1 

8 

4 

2 1 

1 

1 

0 

1 

0 

18 

6 

25 0 

P 

















O 

K 

11-20 

1 

0 

1 

1 

8 

2 

3 

2 

0 

1 

1 


13 

6 ' 

315 

cc 

•-t 

21-30 

1 

0 

3 

1 

5 

2 

1 

2 

1 

0 



11 

5 

31 25 

Pi 

















31-40 





1 

0 

2 


■ 


2 

0 

5 

0 

0 

< 

















w 

o 

41-50 



1 

0 





■ 



1 

1 

0 

0 


51-60 









■ 


! 



1 

0 

1 

o 
















u 

o 

W 

Totals 

3 

1 


3 

23 

8 

11 

5 

4 

1 

3 1 

1 

0 

56 

18 

24 3 

Alortabty 

25 

1 20 

25 8 

31 25 

20 

0 1 

1 

j 243 



R Recovered D — ^Died M — Mortality percentage 














































874 Bactenofliage in the Treatment and Pievention of Cholera. 


Table 'KiNl—concU 



































. -r Groups nccordint, to 

B-lciCRioutvoK wiTittN 48 iiouna Ao TnnvTSiLNf Irentmcntof cnsra 


J Monson, E Mxlfoid Rice and B K Pal Choiidhuuj. 875 


Table XLVII 

Motlahly of c«sct> according lo age and sez, 
Sibbagai 


M \L) 1 E'LiLb ToTAI^ 


, Age groups 

} 

1 

Uccovored j 

1 

U 

Q 

1 

•S 

Ui 

O 

r* 

O 

u 

o 

Died 

s 

C3 

O 

Cl 

»«• 

o 

u 

o 

Died 

Mortality 

'1 

i O-o 

*>2 

21 

4b S 

14 

24 

03 2 

30 

45 

53 0 

' G-10 

20 

27 

57 4 

20 

't ) 

45 S 

40 

49 

51 0 

, ]l-dO 

29 

10 

35 0 

30 

10 

30 8 

05 

32 

33 

j 21-30 

13 

11 

73 3 

25 

31 

00 4 

40 

40 

612 

j 31-40 

o 

11 

OS 7 

7 

2 


12 

13 

62 0 

41-30 

0 

0 



1 


6 

7 

63 8 

31-00 

2 

1 

33 3 


1 


2 

2 

60 0 

' 01-70 

1 


2 




0 


c> 

100 0 

1 1 

1 

Totai^ 

1 

99 

95 

4S97 

108 

97 

47 32 

207 

192 

48 12 

O 

\ 

9 

2 

lb 2 

8 


42 8 

17 

8 

32 0 

j 0-10 

12 

1 

7 7 

10 


28 0 

22 

5 

185 

o 

11 

2 

153 

10 

7 

30 4 

27 

9 

25 0 

I 21-30 1 

5 

2 

28 5 

9 

3 


14 


20 3 

i 31-40 ' 

7 

1 

12 5 




10 


9 1 

1 41-50 

1 

0 

0 




3 


0 

! 51-00 1 


1 

100 0 






100 0 

1 Gl-70 

1 

1 


0 

1 

0 

0 

2 

0 

0 

i 

48 

9 

13 8 

47 

20 

29 8 

95 

29 

2133 



















Bactebiothagc within 48 HOtiBS , Groups accordiug to 

Bacteriophage after 48 hours. vaccinated rREViousLy treatment o£ cases 


876 Bacteriophage %n the T'ieaUneni and Bieventwn of Cholera, 


Table XLYll—contd 


































BACTFnTOiKAor AFTrn iS nouns, Groups according to 

VAOOIKATFD PnEVIOUSt,y* VAOOINATFD lUrVIOOSLY trcatnicnfc of COBCS 


J. j\lon^on^ E MiJfoid Etce and B K Bad Qlioudhwy 877 

TiVble XLVII — concli 





























Baoteeiophaqi: within 48 houes No tbeatsient Groups according to 

treatment of cases 


878 Bactenojjlicfge in ilie Tieatimni and P'tevention of Clioleia, 


Table XLVIII. 

Moitahiy of ca&es accoidtng to age and period 


Dairaug villages 
























































BAOTEiMOPitAOr ^VIT1II^ IS KOUM , Groups nccordiDg to 

B vcTmioPHAQi! AITEK IS uocns VACOINATED pBUSOESLA triatmciit o£ cnscs 


J Monsoh, E Ricc and B K Pal ChoudJntiij 879 


Tabli XL\ III^ — could 


! 

1 

Age grouji^ ’ 

Oct 

to 

Xo% 

1 

1 

' No\ 12 
to IS 

Nor 19 
to 25 ' 

Noi 

to 

Dec 

< 

20 ' 

2 

1 

Dec 1 j 
to 9 ; 

Dec 10 
to 10 

Dtc 17 
to 

Jan 6 

Totals 

! 

R 

1) 

R 

11 

R 

I) 

1 

B 1 

D 

1 

R 

D ' 

R 

1 ) 

R 

D 

B 

D 

M 

o-i 1 

1 

) 

i 




1 

1 

1 

( 

1 

i 



1 

1 

»> 

1 

0 

2 

0 

0 

c-io ! 

1 

i 





1 


0 

I , 

1 

0 


0 

2 

1 

33 

1 

11-20 

1 

1 


1 

1 




1 

« 1 

1 

0 

1 

1 

1 



1 

1 

43 

dl- .0 



1 




1 










0 

dwij 





1 

0 

1 

0 

1 

0 

0 

2 

I 

'1 

6 

2 

25 

41-50 







1 

1 



2 

0 



3 

1 

25 

51-CO 

















0 

01-70 




1 













0 

' 1 

Totals j 

1 1 

1 

0 

2 

y 

3 

o 

' 


3 

3 

0 

17 

B 

29 2 

Mortality 


1 




0 

■70 

40 

2 

7 

0 

29 2 


0-7 

1 




1 

0 









1 


0 

0-10 

1 




0 




1 

0 

D 

1 



1 

2 

60 

11-20 

1 


1 

1 

1 





J 

0 

1 



o 

3 

00 

21-30 





2 

3 

1 

1 


1 

1 

0 



4 

5 

00 5 

31-40 





2 

0 



2 

D 



0 

1 

4 

1 

20 

41-50 





0 

1 

1 

D 



1 

0 



2 

B 

33 

51-00 
















B 

0 

01-70 
















■ 

0 

Totals 



1 

, 1 

J 

6 

5 

2 

1 

3 

2 

2 

2 


1 

14 

12 

46 1 

Mortality 


50 

4 

*> 

33 

40 

70 

100 

40 1 



R —Recovered D —Died 5I -Mortality percentage 





















882 Bactenophoge %n the Treatment and Pievention of Oholem. 


Table XJAX—conid 


a 


1 


1 



"* ■■ 




1 Malt 

ITemall 


Totals 

to Si 









5 c3 ' 
^ o 






















CJ 

U <P 

Age croups 





■ 





c* fl 
o 

2 S 

Ph>p 


'P 

O 

U 

o 

> 



O 

o 

> 

1 


•t) 

a 



S c3 

2J 


o 

o 

o 

■^3 

o 

U 

O 

o 

o 

0) 

mi 

O 

o 

o 

a 

•e 

o 

6"" 


« 

P 


p 

p 


« 

p 

s 

a p 

M W 

a B 


1 

1 

1 



2 


0 

^ StH 


1 

1 ' 

1 



2 

1 

33 

t-> kJ 

« s 



2 

4 

1 


4 

3 

43 

o g t= 

s ^ ® 

21-30 








0 

w ^ t* 

s s s 

31-40 

2 

1 

1 1 

4 

1 


6 

2 

25 

S § P 








pH P Ph 

W O 

41-50 

3 

i 


1 


3 

1 

25 

B P 









< 00 

61-60 

1 

1 






0 











61-70 








0 


Totals 

7 

i 

4 

a« 

10 

3 

23 

17 

7 

29 2 

« 

0-5 

' 

1 






1 

j 

0 












Eh 

(=• 

6-10 

1 

2 

i 




1 

2 

66 

-i 



1 








W 

O 03 

11-20 

2 

2 1 



1 


2 

' 3 

60 

ag 

21-30 

2 



2 

5 


4 

6 

55 

P o 
o S 

31-40 

4 

1 





4 

1 

20 

M 











p 00 

W Tji 

41-50 

1 

1 


1 



2 


33 












o 

< 

61-60 









0 

w 












Totals 

11 

0 

1 

35 

3 

6 

67 

D 


46 1 

H 

0-5 


1 

1 

1 

1 

1 



1 


0 

P 










0 

Eh 

6-10 

1 






■■ 


< 

P 

11-20 

3 



* 

1 


■■ 

1 

26 

H 

J 

21-30 

4 

1 


2 

3 


6 

4 

40 

w 

O 

31-40 

3 

2 


1 




2 

33 

P 

<! 

41-50 

1 

1 


1 

1 



2 

50 

EH 

25 

P 

51-60 1 

1 

• 



1 


1 

1 

n(s^ 

cfl 

w 

pa 

01-70 





- 


, 

• 

0 


Totals 

D 

■ 


6 

6 

'54 5 

,a i 

10 

35 7 



































884 Bacteriophage in the Tieatment and Pievention of Choleia 


Table L 

Mottahty of cases according to age and penod 
Darrang tea estates, ‘ A ’ group 




J Morison, E Milfoid Rice and B K Pal Choiidlmry 885 


Table L — concld 



15 



























886 Bactenopliage in the Treatment and Prevention of Cholera 

Table LI 


Mortality of cases according to age and sex 
Darrang tea estates, ‘ A ’ group 


Groups 



Male 



Female 



Totals 

according to 

Age groups 











treatment 
of cases 

R 

D 

M 

R 

D 

M 

R 

D 

M 



0-6 

0 


■ 

0 




0 

4 



6-10 

0 







0 

1 



11-20 

0 

1 


0 

1 



0 

2 



21-30 

0 

1 






0 

1 


» 












g 

31-40 











e 

o 

41-50 

0 

B 


0 

B 



0 

2 


51-60 


■ 



■ 







61-70 


1 

H 


1 







Totals 

0 

6 

100 

0 

4 

100 1 

0 

10 

100 


0-5 

1 

0 

I 






1 

1 0 

1 



6-10 

i 










n a 

S M 

H 5 

3 « 

1 11-20 
21-30 

31-10 

6 

4 

2 

1 1 

0 


1 

1 

' 1 

1 

0 

4 



6 

7 

6 

! 3 

1 

4 













o g 

41-50 

1 

I 


0 

1 



1 

2 


S "=5 

51-60 




1 

0 



1 

0 


Eg 

61-70 

1 

1 






1 

1 


w§ 













Totals 

16 

6 

27 3 

4 

6 

60 

20 

12 

37 5 


R —Recovered D —Died M.— Mortality percentage 

















J. Morison, E Milfoid Bxce and B K Pal Clioudlmry 887 


Table LI — condd 


Groups 


1 

ArALF j 

1 FMALF 


Totals 

according to 

, 


L 







treatment 
ot cases 


1 

R 

D 1 

I 

M 

1 

R 

D 

M 

R 

D 

M 


0-5 

r 

1 1 

m 





1 

0 


0 H ^ 

^ j 2 

< d m 

H n 

0-10 

11-20 


\ 

1 

3 

2 


3 

2 


K -< 2 










555 

05 "j 

^ c-> 

21-30 

31-10 

- 1 

1 1 

1 ' 

1 

0 . 

J 

1 


4 

1 

1 


2 g =5 

5^ ^ 2 

O 5 H 

H :S 
« 2 :z; 
tl *< o 

41-50 

51-00 

Gl-70 

4 

1 

1 

1 

( 

1 


5 

2 


X 2 ^ 




1 






r" 



1 










* 1 

1 







Totals 

i 

s 1 

2 1 

20 1 

1 

7 

1 

1 

4 

36 4 

15 

6 

2S 6 


0-5 

i 

1 i 

1 

1 


1 



0 


fH 

z 

0-10 

1 1 



! 




M 

1 

s 

11-20 

1 

1 






■ 


•*3 

21-30 

2 

0 






B 



, 31-40 

2 

■■ 








H 

1 










S 

1 41-50 








B 



' 51-60 








B 


;z; 

< 

61-70 


1 





0 

B 













C3 











H 

pH 

Totals 

11 

2 

15 4 

0 

■ 

100 

11 

3 

214 


0-5 










X 

6-10 










D 

o 

11-20 

0 

1 





0 

1 


> 

21-30 

0 

1 


0 

1 


0 

2 


PS 

x 

31^0 










o 

41-50 




0 

2 


0 

2 


<1 

51-60 




0 

1 


0 

1 


o 

o 

61-70 





















> 












Totals 

0 

2 

100 

0 

4 

100 

0 

6 

100 


R Recovered D — ^Died M — Mortality percentage 






















888 Bactenojpliage m the Treatment and Pievenkon of Glioleia, 


Table LII. 

MoHahty of cases accoiding to age and penod. 
Damng tea estates, ‘ B ’ group 


Groups 
according 
to treat- 
ment of 
cases 

Age groups 

Oct 10 
to Nov 
11 

Nov 12 
to 18 

Nov 19 
to 25 

Nov 26 
to Dec 

2 

1 

Dec 3 
to 9 

Dec 10 
to 16 

Dec 17 
to Jan 

6 

Totals 

1 

R 

1 

1 

D 

R 

1 ° 

R 

1 ^ 

R 

D 

R 

D 

R 

D 

R 

D 

R 

D 

M 

H 

{z; 

w 

1 

p 

CA 

e- 

0-5 

6-10 

11-20 

21-30 

31-40 

41-50 

51-00 

61-70 

i 

1 

j 

1 

! 

1 i 
' 1 

i 

1 

! 

1 

i 

i 

1 

1 

1 

i 

i 

1 

0 

0 

0 

i 

1 

1 

1 

1 

1 

i 

i 

0 

0 

1 

1 

I 

2 

2 

0 

0 

0 

1 

1 

i 

i 

2 

1 

1 

0 

0 

0 

0 

3 

2 

4 

2 


Totals 

1 

1 


i 






0 

3 

j 

0 

4 

0 

4 

0 

11 

100 

1 

1 

1 

5 w 

< s 

H § 

” H 

25 

O •<} 

S a 
g ^ 

w 3 
rt fc 

1 

0-5 j 
6-10 1 

11-20 

21-30 1 

31-40 

41-50 

51-60 

61-70 j 

1 


i 

1 


1 

1 

; ! 

1 

1 

1 

1 

1 

1 

I 

1 

i 

1 

1 

1 

1 

1 

1 


1 

0 

2 

1 

0 

0 

2 

0 

I 

1 

1 

0 

2 

0 

3 

2 

1 

2 

0 

3 

0 

3 

0 

1 

0 

0 

1 

1 

1 

1 

2 

0 

4 

2 

3 

5 

1 

4 

1 

5 

2 

4 


Totals 

j 



1 

j 

r 





4 

4 

8 

9 

1 

4 

13 

17 

50 0 


E.— Recorered D— Died M— Mortalitj' percentage 



J Molison, E Milfoid Rice and B K Pol Choiidhuuj 889 


Table LII — concld 


Groups 
according 
to treat- 
ment of 
cases 


s 

t3 

o 

> 

u 


< 

> 


Ago groups 


! Xoa 12 \o\ 10 j- 

I to IS to 25 

it I 


g- 1 
< = 

0-5 

1 

1 

o o 

6-10 

u 1 

11-20 

P* S 1 

7 . 5 i 

21-30 

^5 1 

55 1 

31-40 

1 

93 

41-50 

2 fT 
» 2- 
0 

51-60 

t- s 

£L « 

61-70 

1 


Totals 


0-5 

6-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 


Totals 


O 

- I 


I 

I H D H D 

.1 _ I 


n 


D j K D [ 1? 


u 


0 1 

I 

0 1 

0 10 2 


Dec 10 
to 16 

1 

Dec 17 
to Jan 

G 

Totals 

i 

1 

1 ^ 

R 

D 

R 

D 

M 

2 

1 

1 

1 

3 

2 




1 

0 

1 

0 


1 

0 



1 

0 




1 


1 

1 


1 

1 



1 

4 


0 

1 

2 

0 

2 

1 


4 

3 

5 

0 

9 

S 

47 05 

0 

2 


1 

0 

2 


0 

1 


1 

0 

1 




0 

B 

0 

2 


D 

1 


1 

0 

1 


0 

1 



0 

1 


0 

5 

0 

1 

0 

7 



R Recovered D — Died M — ^Mortality percentage 





























890 BactenopJiage in the Treatment and Pievention of Choleia 


Table LIU 


Mortahty of cases accoidtng to age and sex, 
Darrang tea estates, ‘ B ’ group 




Mate 

TeMAIiE 

Totals 

Groups 
accordiug 
to treatment 

Age groups 

-o 



'w 






of cases 


a 

u 

o 


>> 

O 

U 

O 



O 

(4 





> 


c3 

> 








o 

o 

o 

o 

« 

Ui 

o 

s 

o 

u 

c 

Died 

Ui 

O 

s 

o 

o 

C3 

P5 

Died 

43 

u 

o 

s 


0-5 


3 




_ 


3 


i 

6-10 











1 1-20 


2 






5 













Z. . 

S 1 

21-30 





I 



1 


§ 

31-10 





2 



2 














41-50 










o 












51-60 











61-70 











Totai s 


5 

100 1 

i 


6 

i 

100 


11 

i 

100 

] 

0-5 

1 i 

1 1 

1 


1 

j 

! 


2 

1 


• 

c-in 


9 1 


1 

2 



4 


O 











fc. 











< S 
, ^ 

11-20 

1 



3 

1 


4 

1 













a fa 

21-30 

2 

4 



1 


2 

5 


ro H 

D S 

31-40 

1 



2 

2 


3 

2 


o < 

41-50 

2 

o 



2 


2 

4 


H O 











a fc 












51-60 










£ 5 

1 










{I- H 

61-70 

1 











Totals 

■ 


66 

6 

8 

57 

13 

17 

56 6 























J Monson, E Milfoid Rice and B K Pal Choudliuiy 891 


Table LIII — concld 




j 

Male 


Female 


Totals 

Groups 











\go groups 




rs 



-o 



according 
to treatment 

of cases 


O 



o 


>> 

V 

(l 


1? 



& 



o 










a 



a 



es 



o 

"5 

o 


O 

i-t 

o 

o 

a 

C 

h< 

o 



^ 1 

a 


« 

(5 


« 

(5 

<; 


0-5 


1 


1 

1 


3 

2 



0-10 

1 ^ 



1 



1 



® ^ 

II-JO 




1 1 



1 



fc. J 





I 






5 ^ 

H S o 

21-30 

1 


1 

i 

1 


1 

1 


5 »*3 > 

ij c: u 

31-10 

1 

3 

i 

1 

1 


1 

4 


S „ Ch 





1 2 






OHS 

41-50 


1 



i 


2 

1 


S 5 £ 





1 






ip 

61-00 


1 








m 

01-70 



1 

1 

















u 












Totam 

4 

o 

55 5 

5 

I 3 

37 5 

9 

= 

8 

47 05 


0-5 





2 


■ 




6-10 










>4 

11-20 


1 






1 


iJ 











D 

O 

21-30 





2 



2 


31-40 


1 






1 













Q 

41-50 


1 






1 













§ 

B 

D 

D 

51-60 










61-70 






















Totai,s 


3 

100 


4 

100 


7 

100 






































Table LIV 

Infectzvity for successive weeks dm mg the epidemic and for diffoent house populations 

Sibsasar 































LOl ■{ 


J Mouson, 


893 



'XTZUL Oj^ 


•Pnmnry cases b — Population at nsk y —Secondary cases 






















































Table IjW—contd 


894 Bactenopliage in the Tieatment and Prevention of Cholera 


Value of G 
(Index of 
infeotivifcy ) 

V 

O O AJ Ci 00 

o 00 o n io 

o 


Totals 


©oo-fo-jieo 

0^ 

o 

o 


oocooo 

»-( CJ^OOrff CQ»-ie9COC4 

369 

Q 


o 

o 


Aug 23 
to 

Sept 10 


o o o o 

o 

o 


^ « 00 o 

r- 

e 

,-4 Cl 

13 

Aug 16 
to 22 

B 

o o o o 

o 

o 


1 Ol 115 o 

o 

<N 

e 

« - ^ ^ 


» o 
<5 ** 


OOO Cf i-i o ^ o 

M 

1 


c<i <o rn cc CO CO 

<M f-H €0 

s 

e 

f W CO 

»s 

to 

D o 
<- 

; 


O ^0*^0 

00 


•o 

00 COO-t'p-* oo o 

CO »0 Cl CO 

00 

l-H 

ts 

-t rUCOOCO ^ ^ CO 

; 

r<^ 

CO 

1 

>» a 

*5 <3 

^ 1 

OOO ° / 

C7 

5 


O "S' o c^ 

w »-< 


c 

r*4 •-< ' 

13 


^ 1 











! 

1 Population 
of house 

»■< 0*7 **0 t-» 00 CS O ^ ^ 

Totals 

Value of 0 

asnoTj 

tn S3SU0 Ajurauj 

• — 

Groups 
according 
to treat 
nicnt of 
pnraary 
case 

sanoH 8p Kiiixm 

/ 
































































Tot\i,s 



aoTHioraaioTQ 


AisaoiAsaj aaiTiooovA 
saflOH KiHim aoTHaoiaaioTa 


n — Pnmnry cased b — Population at rink t/ — Secondary cases 




















































































































Infechvity for successive weeks during the epidemic and for different house populations. 
























No 30 rejected no record of populntioii 
• Within 2t liours of primorj ense 

a — Pnraory casci h — Popiilntion i\t risk y — Secondtiry onsei 









Table LV — conld 


900 BactenojUiage in the Tieatment and Pievention oj Cliolma 


o p 

Cl o ^ 

S '^3 c? 

1— c t) 

> '-■ s 

Cl 

^ , ^ 

Cl 

CD 


o 

Totals 


O O O o o ^ 

B 

Cl 

o 

o 

H 

Cl CD r*! o O 

ID 

i/M 




Cl 

Dec 17 
to 

Jan C 

B 

o 

O 

■ 

B 

•o 


ID 

■ 





o 

, ID 

B 

2° 

S ° 

P 

1 

' O O o O 

' - 

o i 


Cl CD 00 ID CO 

r» 

Cl 


B 

C-l C>1 

i> 

im 

Cl 

Dec 3 
to 9 

B 

<=> O -( 


HI 


•o 


Cl 


© 

cc 



rmi 



^ ei 

>5 o 

Si 

o o 

o 



Cl ID 

M 


« 

d ^ 


^H 


Nov 19 
to 25 

> 









c 




Nov 12 
to 18 

s> 



1 


-o 






e 





Oct IG 
to 

Nov 11 

Si 





fCi 






e 





Population 
of house 

i-tClCC’^»OtDI>CO 

m 

V 

H 

O 

H 

Value of G 

© 

osnoq 

tn flosTJO 

*.y — . 

#»< 

Cl 

Groups 
according 
to treat 
ment of 
pnmary 
case 

ATsnoiAaaa aszruioorA 
‘snaoa gp mnjxss. sorsioissczors 

















































Ul 


.7 Mouson E Mil fold Rice and B K Pal Cliondlnny 901 



No JO rojtckd no rccotx] of population 

(I — Primary canes h — Population at rwk »/ — Secondary cases 



Table LV — concld 



jiuio asxTiaooVj^^ 


STVIOX 
















J Moii'^on, E Mil foul Ihcc oml B K Pal Choudhwy 903 



e 


3G rojeotetl no record of population 

■Primary cases b — Population at risk y — Secondary cases 



904 Bacteno 2 )hage in the Treatment and Pievention of Cholem 




Value of C 



J j\Jo)ison, E MiJfotd Rice and B K Pal Clioiidlnay 


905 



a >07 vs 

oi'toiaais.n a'lv 3iV‘ivDKVKua<j 


\asaoiAaaa aJivNioDVA 
•asiTvs oi'voxHsam 
a>rv axvKVDHVKaaj 


aivKVDNTKaa^ 


•Prim-\ry cases b — Population nt risk y — Secondary cases 


Infectivily foi successive weeks during the epidemic and for diffeient house populations 

Darrang tea estates, ‘ B ’ group 


906 Bactenofihage zn tJie Tieatinent and Pievenhon of Choleia 


Value of 0 
(Index of 
infectmty ) 


CO 

o 

80 


CO 

CO 

CO 



CO 



CO 

O 


0 

1 

0 

0 

1 

(N 

CO 

Ci 

r~< 

ooooioooco 

•O 

O O ^ o 

r-< 

Z? 


OCOCl^OC'^0•ri^l>cr’ 
r-t M (W <M 


-O r-< <M 

a 

(M 

r-fCCeomcOTilrjtr-lrH 

Dec 17 and 
after 




CC 

■ 

o o o o 


O O 

o 


O CO <NI> 


r-^ 


1 

BBBi 

Dec 10 
to 16 



1—* 


■ 

o o o o c o o 

*C) 

o <o 

o 

I— < 

- 


1 

>^1 CO O M CO 


(M r-t 

■ 


r-( (M CO 04 r-4 

Dec J 
to 9 


o 

m 

rH 

O o 0 ^ 


o 

o 


(M 04 CO 

o 



I 



o 

> £ o 
o ^ 

^ P 







>0 










Population 
of house 

1— 1 lO O 

Totals 

Value of G 

CO 

r-H04C»'*«^<iOOJ>OCC5 


r-. f>i 

- 

Groups 
according 
to treat- 
ment qK 

prup^^ 

isaicxTaai ojij 

nrxiason ox aaA 
DinoxaaxAH okt 











































Vnluo of C 


J. Moiison, E Miljoid Bice and B K Pal Clioudhwy 907 



OKJH ‘ aunTs 
aiv'.yDs.vnaacj 


iisfloiAHHa aaivKioavA 
‘ aNnvB DiNOiaaaxH 
aw aivwojtrrcaa^ 


zasnoiAasa aaiVKiooy^ 


•Primary tnsps h — Population at risk 1/ — Sccondorj cases 



Table LVII 

Infectivily foi successive weeks during ike epidemic and for dijfeient house populations 

Darrang tea estates, ‘ B ’ group 


906 


Bactenophage in the Tieatimnt and P^ievention of Gholem, 


Value of G 
(Index of 
mfectxvity ) 


00 

o 

1 — ‘ 

CO 

o 


CO 

CO 

CO 

^ 

CO 

n 

^ ■ 

CQ 

<3 

O 

H 


O —I o o 


1 

CO 

C5 


OOOtMOOOCO 



<N 

CO 




a 

*^3 f— { C'l 

C5 



Ib^h 

Dec 17 and 
after 


0*^0 

i— 4 

CO 


o o o o 



o 



a 

^ in ^ 

lo 


^ rH Ol 

Dec 10 
to 16 


C? fh 




o o o o c o o 


O CO 

CO 

> 



^ CO o DJ ao 

PI 

a 


CO 


pH w D1 CO D? f-4 

Dec 3 
to 9 

;a 

o 

a 

t-H 

O O (M 

B 

o 

o 

rr 

(M 01 CD 

a 




oi 

S') pH (M 

o 

> -2 a 

Q « 







rO 





a 





Population 
of house 

(— 

t-H ^ lO O t- 

Totals 

Value of C 

CD 

i-40lCO*^l.OOt^OOO 

asnoq 

m sasthyLrBoiTJj 

Cl 

' 

p-t 

Groups 
according 
to treat- 
ment of-'' 
primary 
^^^^tJase 

- 

maMiraai 

aViWSOH oil OTA 
OIKOiaaiAH UKV 












































Ini Jotir Vcl Ii(’ , XXI, 1, Ipnl, 103 J 


A PRELIMINAl^Y NOTE ON THE ELECTRICAL CHARGE 
CARRIED BY THE RABIES VIRUS 

ii\ 

G SANK V]K\N, m u 
J iATon K R K lYENG \R, M D , I M s , 


AND 


\\ \ BEER, 1 M D 

{From the Nutnliou Hi'^carch Lahoratoru^, Indinn Rcscaich Fvnd 
Af^octafto)!, Pasteur IvshhtU, Cooiioo), S Ivdm ) 

[UccciNtd for publication, lcbrunr\ 10, 1034] 

The present note record'^ the preliminary observations mode in the course 
of work, initiated .b} Sir Robert McCarnson, on the behaviour of the virus 
of rabies m an electric field The procedure adopted was cataplioresis of 
emulsions of rabies-infectcd brain 


Filtration experiments 

The first step in our in\ estigation was to carry out certain filtration experi- 
ments in order to learu what medium to employ in the preparation of the emulsions 
of the brain of rabid animals that were needed for our purpose , and, further what 
should be the concentration of brain tissue m these emulsions The results of 
these experiments are given in Table I 

It was apparent from tlie results set out m Table I that serum was the best 
medium to employ The rabies virus migrated more rapidly into the fluid medium 
Vihen serum was used than when either saline or broth nas used Indeed, the 
experiments provide no evidence that the virus migrated either into saline or broth 
Our experiments indicated, also, that a five per cent emulsion in sheen’s senim 
gave the best results ^ 
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Material 

A five pel cent emulsion of tlie brain of rabbits, showing typical signs of rabies, 
was made up in sterile sheep’s serum Such emulsions were used throughout our 
cataphoresis experiments About 25 c c of the emulsion were used for each experi- 
ment We have performed the cataphoresis with the fixed virus (Pans) strain, 
kept in the Pasteur Institute, Coonoor, by passages through healthy rabbits The 
buffer used in all experiments was Sorensen’s phosphates at pH 7 38 


Technique. 

Not having Todd’s, nor any other ready-made, apparatus in this Laboratory a 
simple cell (Fig 1) was devised by one of us (G S ) for cataphoresis experiments 
The cell is made of -l-inch glass tubing Its main stem is approximately 6 inches in 
length and is constricted slightly at either end Attached to its upper part, 
about two-and-a-half inches from the top, is a nairow bent arm of |-inch glass 
tubing 

Two such cells are needed to make the two poles of the current The two cells 
are thoroughly cleaned with chiomic acid and washed several times before use, first 
with tap and then with distilled water They are then wrapped in paper and 
sterilized, preferably in an autoclave After sterilization, a glass tap is fitted to 
the top (A, Fig 2) of each cell by means of rubber tubing By sucking through 
this tap, while keeping the narrow side-arm (C, Fig 2) closed, a hot 2 per cent agar 
solution, made up in 0 9 per cent saline, is introduced into the cell and allowed to 
form a gel The agar, which is capable of conducting an electric current, forms 
a seal for the lower end (B, Fig 2) of the cell After sealing the lower end in this 
way, the end of the narrow sidc-arm (C, Fig 2) is dipped into the requiied sterile 
buffer solution which is then sucked into the cell in amount sufficient to fill it The 
tap at the top of the cell is then closed, the bufier solution now remains in position 
when the cell is held vertically During an actual cataphoresis experiment the 
narrow side-arms of the two cells, filled with bufier, are lowered vertically into a 
sterile beaker (1, Fig 2) containing the requisite suspension of the virus, the 
mouth of this beaker being protected from bacterial contamination by means of a 
cap The agar gel ends (B, Fig 2) of the two cells are immersed in two beakers 
(2, Fig 2) containing a 10 per cent solution of sodium chloride These two beakers 
are connected, by means of two U-shaped agar bridges (4, Fig 2) of about 1 5 mm 
bore, to two other beakers (3, Fig 2) containing 10 per cent copper sulphate 
solution Two stout copper terminals, from the source of the electric current, 
are then dipped into the beakers containing the copper sulphate solution 
One forms the positive and the other the negative pole , the cells adjacent to 
each being respectively the ‘ positive ’ and the ‘ negative ’ cell It is advisable 
to introduce into the circuit either a milliammeter or a galvanometer with 
which to measure the amount of current passing through the circuit Several 
resistances of the order of ten to fifty thousand ohms for a voltage of 220 may 
be needed to reduce the current down to about 4 milliamperes, which we 
have found to be optimal for our work It is essential to use a current of this 
low amperage in order to avoid undue electrolysis and heating Fig 2 gives 
the general lay-out of the apparatus 
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Within 30 minutes of the passage of the current a faint turbidity begins to 
appear and to rise up the side-aim (C, Fig 2) of tlie cell attached to the positive 
pole, while the contents of that attached to the negative pole remain clear With 
the continued passage of the current for the required period — a period determined 
by the amount oi material migrating into the cells— the turbidity m the positive 
cell rises higher and higher, while the contents of the negative cell continue to 
remain clear In the present experiments the current was run continuously from 
24 to 4 1 hours by which time enough material had collected for inoculation purposes 



At the end of the required period the current is not immediately stopped , the two 
cells being first removed in order to prevent a reverse migration of virus particles 
due to any reverse current that might he set up by the charged particles in each 
cell It IS to be emphasized that the current must not be stopped until the cells 
have been removed After their removal the ends of the side-arms (C, Fig 2) that 
have been in contact with the brain emulsion are first thoroughly wiped with sterile 
gaui\at.'d then a few drops of the^fluid contained m the side-arms are run out from 
each ^Siu^is effected by opening the glass tap at the top of each cell In this way 







Tabil II 

Owing details of six cvpcrimtnts wherein materials, derived by calaphortsis of a ti per cent rmuhion 
of rabid [fired virus (Pans)] rabbit's biain in sheep's scrum, lu re moculalid 
subdurally into rabbits, in doses o/ 0 2 c c 
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of the same concentration (5 per cent) The same apparatus was used , the same 
observer (G S ) conducted tlie electrophoresis, tlie current being passed through 
the emulsions for approximate! 3'- the same length of time (4 to 5 hours) The 
material accumulating in the positive cell and that contained m the negative cell 
of the apparatus, following electrophoiesis, was collected in the same way and 
used foi inoculation purposes The same observer {W A B ) carried out the 
inoculations in the presence of the others , the routine procedure of this Institute 
for the subdural inoculation of passage animals was followed Babbits, sheep 
and guinea-pigs weie used for experimental purposes Ether anmsthesia was 
employed The inoculated animals were kept under observation for the same 
length of time The dose of the inoculated material was 0 5 c c for sheep and 
0 2 c c for rabbits and guinea-pigs 


Experiments 

Full details of the experiments — 22 in number — are given in Table I 


(1) Elecii oplio) esis of emulsions in sheep's semm of noimal 

lahbit's hi am 

In scrutiiiiziug the obseivatious recorded in the preliminary note, the question 
arose as to whether material deiived by electrophoresis from apparently normal 
biain, or from the sheep’s serum in which the emulsions were made, might not be 
capalile of causing symptoms lesembling rabies when inoculated subdurally into 
rabbits The necessity to exclude any such possibility is made evident by the 
recent observation of Eiiedemann and Elkeles (1933) that the tissues of apparently 
normal rabbits may contain a living agent, possibly of virus nature, capable of 
causing encephalitis on subdural inoculation into labbits 

A five pel cent emulsion of iioimal rabbit brain was made up in sheep’s serum 
and subjected to electrophoresis in the usual way (experiment 11, Table I) 
Material fiom the negative cell and material from the positive cell of the apparatus 
was inoculated subdurally into labbits in doses of 0 2 c c The results were negative 
neither that from the negative nor that from the positive cell caused any untowijrd 
symptoms in the inoculated animals It was not considered necessary to rep6at 
this experiment since it demonstrated sufficiently cleaih’’ that normal brain was 
harmless What symptoms might be produced by the subdural inoculation of 
material derived by electrophoresis from brain that is abnormal, from causes other 
than rabies, is another matter 

The results of this experiment also excluded the possibility that the sheep’s 
serum, used in the preparation of the brain emulsion, might 3ueld substances, as a 
result of electrophoresis, capable of causing encephalitic symptoms on subdural 
inoculation into rabbits Nevertheless, another experiment (No 12, Table I) was 
carried out in which sheep’s serum, without added brain substance, was subjected 
to electrophoresis The materials contained in the positive and in the negative 
cells of the apparatus were inoculated subdurally into rabbits The results were 
negative It was concluded, therefore, that whatever caused the rabies-like 
symptoms in the animals referred to m the preliminary note, it had nothing to 
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do cither with iiormol bniii or wifli noimal slu-op s scriini but peculiar 

to ribies infected bnm ti'-sue 


( 2 ) nxpcrnticiit'- iiith •^turl iirus 

The bnin of i ‘:uppo‘-'’dl\ ribul do;r, recened at tins Institute for report, was 
omubi/ied and inoculated siibduralh into i pip in the customary vra} 

It de\eloped rabies Tin brim of this nuiiiei-pip is taken and a 6 per cent 
cmul-ion in sbeep’s scrum uas ])r(pirtd from it This emulsion uas subjected to 
electrophoresis for u hour- Tlu miterinl that had accumulated in the positne 
cell of the apparatus positn e imternl ) uas then uithdraun with the precautions 
described in the preceding note lud a dose of 0 2 c c uas inoculated subdurallj 
into each of two puiiiea-iut’s Smiilarh, that rontaincd in the negatne cell 
(‘ necatire material ) was withdrawn ind a dose of 0 2 c c inoculated subdurally 
into each of two guinea-pigs Both aniimls inoculated with the ‘ positia e material ’ 
developed rabies on the clcaeiith and twelfth da\, respectneh, following inocula- 
tion, and Xegri bodies were present in the hippocampus of both Neither of the 
guinea-pigs inoculated with the ' negatne material ’ de% eloped rabies (e\periment 
13, Table I) 

In a second o\pcriment with street virus the same procedure was followed 
In this, also both guiiiea-pig- inoculated siibduralh with the ‘ positive material ’ 
developed rabies on the thirteenth and sivteenth daj respectiv'oh , and Negri bodies 
were present in the hippocampus of both The two guinea-pigs that received 
subdural inoculations of the ‘ negative material ’ died , the first on the fifteenth 
day following inoculation and the second on the sixtieth day In neither case 
were Negri bodies present, showing that their death was not due to rabies (ex- 
periment 14, Table I) These cxpeiiments are of special importance since, apart 
from the clinical ev ideiicc of rabies, the presence of Ncgn bodies in the hippocampus 
of the four guinea-pigs, inoculated with the ‘positive material’ demonstrates 
conclusively that the disease produced bj this material was actualh’ rabies and 
not a malady having a close clinical resemblance to it 

( 3 ) Experiments mth fixed virus {Pans) 

Experiments (Nos 12 and 13, Table I) with street virus had made it clear that 
the disease caused bv the inoculation of our ‘ positive material ’ was actually rabies , 
the diagnosis having been confirmed by the demonstration of Negri bodies in the 
hippocampus of the animals inoculated with this material But where we are 
concerned with fixed vurus such demonstration of Negri bodies is rarely or nevmr 
possible ‘ A peculiar and most important difference between natural rabies and 
the rabies which has passed through hundreds of rabbits subdurally, and is known 
as the fixed virus of antirabic institutes, is the fact that whereas Negri bodies are 
abundant and easily recognized in the former, in the latter they are either absent 
or so small as to be seen vntli difficulty ’ (Cornwall, 1908) The material which we 
have used in the experiments now to be dealt with was fixed vurus (Paris) which had 
been passed through thousands of rabbits In order, therefore, to demonstrate 
mat fte disease caused by our ‘ positive material derived by electrophoresis 
from brains infected with fixed virus, was really rabies we had to rely on clinical 
signs and symptoms 
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Table 

Giving details and lesitPs 


Date of 
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13 9-11-33 
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Bram, Pasteur Institute 
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Pans 

Electrophoresis 
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Turbid 

58 


Died 



do 

do 

do 

do 
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29-12-33 
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Pans 

do 

do 
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3 
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do 
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Electrophoresis 
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64 
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do 
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do 
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of rabbit No 57 
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SliH p No 4 dc\ eloped rabies on tho 
I 12th daj 


No** bS and 09 dc\ eloped rabies on 
the Tth daa 

Nht'Tp No 7 developed rabies on 
llic Tth daj 
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i-t 
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Number of e’tpenment 
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Tabli 


Date of 
cxpen 
ment 


29 


14-1-34 


30 


14-1-34 


31 16-1-34 


32 15-1-34 


Material used 


Ampoule No G 'rom 
expenment 23 of 
6-1-34 original 
bnin emulsion 

Ampoule No 4 , from i 
experiment 23 of ) 
6-1-34 from nega 1 
tnc cell ' 

Ampoule No 5 from ( 
expenment 23 of J 

6- 1-34 from posi j 
tnc cell 

Ampoule No 9 , from 
oxpenment 24 of 

7- 1-34 original 
brain emulsion 

Ampoule No 7 , from ' 
experiment 24 of > 
7-1-34 from nega j 
tnc coll 

Ampoule No 8 , from ( 
experiment 24 of I 
7-1-34 from posi | 
tne cell '• 


Ampoule No 12 from 
experiment 25 of 
8-1-34 original 
brain emulsion 

Ampoule No 10 from . 
experiment 25 of ) 
8-1-34 from nega j 
tn c cell ' 

Ampoule No 11 from ( 
experiment 25 of ' 
8-1-34 from posi 1 
tive cell 

Emulsion of brain of 
Pasteur Institute 
passage rabbit, F V 
Pans 


do 


Hou material 

ClIAVOES IN 
CONTENTS OF 

iNOCtrLATION- OF 
MATERIAL FROM 
NEOATI\^ CELL 

INTO 

Results of 

INOCULATION IFITII 
MATERIAL FROM 
NEGATIVE CELL 

uas treated 

Ncgatnc 

cell 

Positive 

cell 

Rabbit or 
G pig 
number 

Sheep 

number 

Ribbit or 
G pig 

Sheep 

Kept at room . 
temperature | 
from 6-1-34 ■{ 
to 14-1-34 1 







do 


1 114 


Nil 


do 



115 


Nil 


do 







do 







Kipt at room . 
tcinpei ituro ' 
from 7-1-34 I 
to 14-1-34 







do 



120 


Nil 


do 



121 


Nil 


do 







do 







Kept at room l 
temperature 1 
from 8-1-34 1 
to 16-1-34 ' 







do 



126 


Nil 


do 



127 


Nil 


do 







do 







Kept in cold f 
storage for | 
48 hours j 







Ekctropliorcsis 



132 


Nil 


do 



133 


Nil 
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l—concld 


1 

IvocuL-iTiov or ' 
MMErnL moM i 

ro':m\r cell i 

INTO 1 

Ur-sLiTP or 

INOrtlATION \MTII 

M^TrriM n OM 
ro‘'iTi\r criL 

TNn< i i^iTlos oi 
nnoiN^i im\iN 

IVTO 

Risllts or 

INOCl I^VTION 

OIICIN\r DPVIN 

I MLISION 

Remarks 

Rabbit or 

G pig 
comber 

Shorp 1 
number , 

Ribbil or 

G [iig 

Sheep 

Rahlut 

numlKT 

'^lieep 

number 

Uabbit 

Sheep 




112 


+ 1 

No 112 dc\ eloped rabic** on' 
the Stii dn} 



. 


in 


+ 

1 No 113 do\ eloped rabies on 
the 7tli daj 

i 

1 


110 


+ 





No lie de\clop»d rabies on 
the 8tli da} 


117 



1 

118 


+ 


Iso 117 developed rabies on 
the Sth day 

Iio 118 developed rabies on 
the 7tli daj 

ce 

£i 

122 


+ 

HO 

1 

1 


+ 

1 

No 110 dc\ eloped rabies on 
tlic 8tli da} 

No 122 developed rabies on 
the 7th dav 

U 

O 

CO 

*« 

o 

123 


All 


124 


+ 

1 

No 123 had marked hTmor 
rhago at opcntion 7io 
rahtes 

No 124 developed rabies on 
the 7th da} 

S 

a 

Cu 

a 

o 

O 





125 


+ 


No 125 developed rabies on 
the Sth day 


12S 


+ 



1 



No 128 developed rabies on 
the Sth da\ 


129 


+ 


1 

130 

+ 


Ao 129 developed rabies on 
the 7th dnj j 

No 130 developed rabies or 
7th dnj 

the 

134 

135 


•f 

Ntl 


131 j 

1 

( 

1 

1 

+ 


No 131 de\elopcd rabies on the 
7th day 

developed rabies on the 
/th da^ 

No 135 did not develop rabies 
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In this Institute the noimal incubation peiiod of fixed viius labies is from 7 
to 9 days foi labbits , and from 6 to 12 days for sheep The tram of symptoms, 
both in rabbits and m sliecp, is veiy familiar to one of us (W A B ), who as Assistant 
to the Director, Pasteur Institute, Coonoor, comes into daily contact with the 
disease and lias inoculated some thousands of animals with fixed virus in the ordinal j 
course of his routine duties It ivas thought, therefore, that rf the routine method 
of inoculation followed at this Institute were adopted in our experiments, if the 
symptoms arising from inoculation of our ‘ positive material ’ were clinically 
indistinguishable from rabies, if they appeared at the noimal incubation time, and 
if the disease produced in this way could be conveyed to rabbits and sheep — the 
normal incubation period and the character of the symptoms being preserved 
unaltered — then theie could be no reasonable doubt but that they were in fact 
those of rabies and not those of a condition having a close clinical resemblance to it 
The results of 10 experiments (Nos 15, 16, 17 18, 20, 21, 22, 23, 26 and 27, Table I) 
make it clear that this was indeed so With the mateiial accumulating in the 
fc||itive cell of oui apparatus, follow’ mg clectiophoiesis of emulsions m sheep’s 
PRrm of the brains of Pasteur Institute passage rabbits, w^e have produced a disease 
clinically indistinguishable from rabies We have then taken the brains of animals 
suffering from this disease, prepared emulsions m sheep’s seium from them, subjected 
these emulsions to electrophoresis, and with the material that accumulated m the 
positive cell have again produced the disease both in rabbits and m sheep 
Similaily, we have produced the disease m sheep by means of oni ‘ positive mateiial ’ 
and from them conveyed it. — again by our ‘ positive material ’ — to sheep and to 
rabbits In all these experiments the incubation period has been the same as that 
of true labies and the symptoms have been those characteiistic of this disease 
It will be noted from Table I that there are twelve experiments (Nos 21 to 32) 
in which the original emulsions of rabies-mfccted brains were used for subdural 
inoculation into animals as well as the materials derived from them by electrophoresis 
In all of these the results have been the same — 


(t) the original emulsion invariably caused rabies , 

(zi) the material collecting m the positive cell, followung electrophoresis of 
this emulsion, almost invariably caused rabies , 

(m) the material contained in the negative cell, followung electrophoresis 
of this emulsion, never caused rabies 


Looking through the entire list of experiments (Table I) it will be seen that 28 
rabbits and 3 sheep received subdural inoculations of emulsions of rabies-infected 
brains , they all developed rabie« Twenty-eight rabbits and 6 sheep received 
subdural inoculations of the mateiial contained jr ''' ' r-u^„„ 

electrophoresis of these emulsions , none of them do 
rabbits and 5 sheep leceived subdural inoculations o 
positive cell following electrophoresis of these emu! 
sheep developed rabies There thus three 

’ rabbit N' 


Of the tw^o failures amongst rab 
ently due to profuse hjemorrhr 
It was not due to non-infectiv 
tion , for the same mateiial c 
Colonel Shortt’s animals (vide 


<e woun 
posi+ivf 
''ease v' 
was t 


negative cell following 
bies Twenty-eight 


iiaK 

ese 

n i 


I ( 


iDco in the 
s and 4 
tegorv 
appar- 
lation 
locula- 
m of 
5 
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((\pcrnnont ‘^2) duo to iioii-inf(ctn if\ of flu ‘])osili\c matcrnl’, for another 
ral)l)i( (No 1.’)}), inoculitdl ^\lth if at llic •^ame lime, de\eloppcl labies In both 
CT«cs tlierefore the failure n is ireidenlal {siieli failures are oeeasionall} met 
witli in the ordiiiar\ loiir'-eof jiis'-aije inoculation in this Institute Thus of 2,405 
rabbifs, inoculated subdural!' b' one of us A B ) durint^ the past 9 jears, 04 
filled to do\ clop ribic*- Esi a]ies are usualh due to technical slips, such as too 
rapid "ithdriwal of the needle or the failure of the assistant to e\crt top pressure 
"illi the cotton "oo! s\\ ib "hen tlie operator is injcctin<i the emulsion and "ith- 
draunm the neidle (llir'i' uid \ctoii, 1922) The failure to cause the disease in 
one of the 5 sheep iiiociilafid "ith our ‘ positive material ’ ma} lia'c been due to 
some such technic il fault at the tune of operition, althouch none "as observed 
to ha' e occurred , or the iiiimal ma' ha' e been immune But "hate' er the cause, 
wc ha' c no c' ideiice m this case that the ‘ positn c material ’ used "as cither infective 
or non-infccti'c since no other animal "as inoeiilated "ith it Of such escapes 
there ha'c been 17 amongst 7Gf sheep in this Institute during the past 9 }cars 

One other experiment (Xo 32) ma' be referred to here It "as designed to 
learn 'vliether beeping an emulsion of rabies-mfccted brain in cold storage for 48 
hours, before it "as subjected to electrophoresis, "oiild impair the 'inilencc of the 
subsequent ‘ posit n c ’ product or impart to it noxious qualities other than its rabies- 
producine properties So far as this possibilitj "as concerned the experiment 
yielded n'egatuc results It pro'ided, liouc'cr, further evidence of the fact that 
electrophoresis of rabies-infcetcd brain emulsion m sheep’s serum causes negatively 
charged particles capable of producing rabies to collect in the positn e cell of the 
apparatus 


(4) Experiments carried out by Colonel ShortI at the Pastew Institute 
of India, Kasaiih, with material sent from Coonoor 

At this stage of our investigations it was thought well to submit the material 
derived by electrophoresis from rabies-mfcctcd brains (Pans fixed vmis) to an 
independent obseiwer for experimental trials Four series (I, II, III and IV) of 
three ampoules {vide experiments 22, 23, 24 and 25, Table I) were according!' sent 
to Lieut -Col H E Shortt, i m s , Director, Pasteur Institute of India Kasaiili, "ho 
was kind enough to co-operate with us The ampoules sent to him were numbered 
1 to 12 Each had the dose (0 2 c c ), for subdural inoculation into rabbits, marked 
upon it but nothing else Accompanying each senes of 3 ampoules "as a sealed 
envelope containing a key to the nature of their contents , this eni'clope to be 
opened by Colonel Shortt on the eighth or ninth day following his inoculation 
experiments One ampoule in each senes contained the original emulsion of rabies- 
infected brain, a second the material collected from the positu’^e celF following 
electrophoresis of this emulsion, and the third the material contained in the 
negative celF after this electrophoresis Ampoules Nos 1 to 6 contained materials 
derived from rabbits that had developed rabies as a result of inoculation with oui 
‘ positive material ’ Ampoules Nos 7 to 12 contained material deri' ed from the 
uSual passage rabies of the Pasteur Institute, Coonoor 


* Referred to m Colonel Shortt’s report as ‘ positive (pos 1 pole 
respectively ' ' 


and ‘ negative (nog ) pole 
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(5) Tlie material collecting in the positive cell, following electrophoresis of 

emulsion in sheep’s serum of rabies-infected brain, is capable of 
conveying.the disease from rabbit to rabbit, from rabbit to sheep, 
from sheep to sheep and from sheep to rabbit, with the same certainty 
as the original emulsions themselves 

(6) This material maintains its viiulence foi at least 8 days at room 

temperature 

It may be concluded that the virus of rabies — or particles to which it may be 
attached — carries a negative electrical charge This being so, the way is open 
for the separation of this virus from brain tissue and for the preparation of an 
antirabic vaccine of reasonable bulk 

We desire to express our indebtedness to Colonel Shortt for his cordial co- 
operation and to Major I^miigar for placing the facilities of the Pasteur Institute, 
Goonoor, at our disposal 
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Addendum. 

This paper had been submitted for publication when the following expeiiment 
was carried out Not having ‘ gradocol ’ membranes we attached a filter candle 
(L3) to the lower end of the side-arm of the positive electrophoresis cell The 
filter was immersed in a 5 per cent emulsion in sheep’s serum of rabies-infected brain 
(fixed virus) The current was passed through the apparatus for 24 hours At 
the end of this period tire bufier filling the cell had become faintly turbid especially 
in the body of the cell above the agar gel seal Material was then taken from three 
locations from the inside of the filter , from the side-arm of the cell , and, from the 
body of the cell above the agar seal These materials were then inoculated sub- 
durally into rabbits and sheep , the usual dose of inoculum being employed 0 2 
c c for rabbits and 0 5 c c for sheep The results on the tenth day, following 
inoculation of the animals, were as follows — Material from the interior of the 
candle caused rabies in 50 per cent of the inoculated animals , that from the side-arm 
of the cell in 33 per cent of the inoculated animals , that from the body of the cell 
in 100 per cent of the inoculated animals Clearly, therefore, the virus of rabies 
was separated from brain tissue by this means The greatest concentration of 
the virus, in the buffer filling the cell, occurred at the point nearest to the positive 
pole of the apparatus and farth* st from the emulsion 

17th February, 1934 
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NOTICE 

Malaria Research and the Malaria Commission of the League 

of Nations 

We have been asked bj' the Secretary to the jMalaria Commission of the League 
of Nations to publish the follow mg siimmarj of the work done by the Commission 
and the programme of imestigation recommended for the future 

Editor 


This year malariologists w ill have noticed the appearance of several important 
reports published by the Jlalaria Commission of the League of Nations, or under 
its auspices 

Organized ten }cars ago, the Malaria Commission began by studying the 
epidemiology of malaria as well as all the methods of malaria control employed 
in different countries in many of which the disease had assumed epidemic propor- 
tions as a result of the world war 

The first two reports (Malaria Commission, 1926 , 1927) therefore deal with the 
epidemiology of malaria in the countries m which investigations had been carried 
out on its behalf and on the principles governmg the prevention of malaiia The 
third general report (ilalatia Commission, 1933) deals with the therapeutics of 
malaria and describes the present status of our knowledge of the treatment of the 
disease and the opinions of the Commission on methods of applpng that treatment 

A report on ‘ Housing and hlalaria ’ by Christophers and hLssiroli (1933) 
deals wuth a problem that was taken up by the Commission in 1928 Another 
subject, ‘ Malaria in the Deltas of large Rivers’, has been investigated for several 
years by members of the Commission Reports have been published on the deltas of 
the Danube (Zotta, 1932), the Ebro (Pittaluga el al , 1932), and the Rhine (Sw'ellen- 
grebel, 1933), followed by a memorandum on certain ‘ General Considerations ’ on 
the problem (Cantacuzene et al , 1933) 

These different reports define the limits of our present knowledge on these 
three subjects, but as that knowledge is still far from complete, and malarial research 
still actively in progress, the Commission feels that lines of further investigation 
should be indicated in order to pomt out the problems most urgently calhng for 
solution “ 


The full list of questions on which the Commission recommends that research 
should be undertaken is given below It wdl be noted that aU the problems are 
classified under the three subjects which have been investigated for manv vear? 
,^(t) ' Treatment of Malaria [ii) ‘ Housing and Malaria ’, and (tn) ‘ Malaria in 
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The study of these pioblems is not the monopoly of the League Malaiia 
Commission The members of that Coimnission feel strongly that they should 
draw the attention of investigatoi s all ovei the world to the importance of these 
problems No malariologist denies that malaiia is c'^sentiall}’’ a local problem no 
country is alike as regaids malaria Therefore, the results of any investigation 
apply as a lule only to the country uhcic it was made, and if conclusions of a moie 
geneial value are to be leached, the obseivations and controlled e^peiiences of 
different national investigations should first be pooled 

Nor example, immunity to malaria vanes of course, according to the greater 
or lesser opportunity of repeated infection, to the virulence of the strain, to the 
number of sporozoites inoculated, and so on Malariathcrapy oSers a good 
opportumty foi the study of this problem, but it is of the greatest interest to know 
if a strain of, let us say, P vivax, which has proved very vmilent in England, has 
the same vuulence in Noumania or in Italy , or if a Eonmanian strain towards 
which patients have become immune in Eoiimania, as the result of repeated 
inoculation, protects against the English strain and vice veisa 

The mternational co-oidination of research into malaria has proved to be of 
the greatest value , to cair)’^ it out, however, would be difficult, if not impossible, 
without the existence of an international organization of some sixty members and 
corresponding experts hive the Malaria Commission of the League 

The following is the hst of questions recommended for further investiga- 
tion — 

I.— Treatment— clinical and therapeutical research work:— 

Determination in hypereudemic and endemic regions of the age groups most senouslj afiected by 
tbe disease and consequently requiring most attention in the matter of treatment Investigations 
should cover in the first place the indigenous population and then be e\tended to linmigrants 

Determination of tbe minimum dose of quinine sufftcient for the treatment of the disease in hyper 
endemic and endemic areas n here the natn es have attained a certain degree of immunity 

Ascertainment of the dosage (by age groups) of plasmoquine sufficient to prevent the gametocytes 
from infecting the Anopheles and the intervals (per ncclv) at vhich it should be administered 

Determination of the extent, if any, to uhich tlie therapeutical action of quinine is increased by 
the administration of plasmoquine (combined medication) 

A begmnmg should be made with laboratory' research on cases of induced infection before pro 
coeding to apply this method in the field 

Continuation of clinical tests iv ith both types of ‘ totaquina ’ in accordance with the method laid 
down in the report 

Experiments in malaria control by means of medicaments alone without the application of anti- 
anopheline measures 

Blackwater fever , investigation of the relations betueen quimne and blachuater fever by' means 
of experiments on animals (malaria in monkey's) 


II.— Housing and Malaria;— 

Biology and geographical distribution of the different varieties of Anopheles maenhpennis 
Study of the follou ing species of tropical Anopheles from the point of vieu of a possible differen- 
tiation of races — 

(а) A hyreanus and its several varieties (though widely disseminated, this strain is not ns a 

rule very' dangerous, though it may become so in certain countries, and especially 
Sumatra) 

(б) A biju^c^his (unimportant in Europe, but dangerous in Palestine) 
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(r) /I hulloin vnr •sundaicm (thngcrotm e\ciT\vhcrc, though there is a great diflcrcnec bet-ncen 
its breeding places on the const of las a and in the inlonor of Sumatra) 

(rf) 1 gnmliKr (dangerous c\cr%s\hcrc, though its breeding places differ in the Union of South 
\fnca and m Tropical Africa) 

Causes of the ser\ great sanations met avith in the distribution of malaria in certain tropical 
rcj,,ons— surh a« the phenomenon of immune areas in the immediate sicinitj of hvpercndemic areas — 
and in particular, the posiibilits of a relation existing between this phenomenon and the donation of 
the Inopficki 

Investigation of the factors nhich make certain nee growing areas Ingblj subject to mnlana while 
others remain immune 

Studi of the African Anopheh's and the connection between the sanous species of Anopheles and 
malaria in Afnen 

lII.—Malaria in Deltas •— • 

Initiation or jinr-^uit of research on the carutus of 1 maeiiUpcnnis found in European deltas in 
connection with malarial foci (Danube 1 bro, Rhine Rhone, Po) 

It IS suggested that Indian, Siamese and Indo Cbiiicse malanologists might uscfulh conduct 
similar inacstigations with regard to the races of raahiria carrjing Anopheles in the deltas of their 
respective countries 

In\ cbtigation of the iniluenco of agriculture on the doniesticitj of Anopheles and on malarial 
cndcmicitj 

Study of live slock in connection w ith local anophclism and the disease 

Ilistoncal studs with special reference to malaria of aanations in the topographical and demo 
graphical characteristics of deltas 

Ina cstigation of the degree of susccplibihtj to malarial infection of inhabitants of deltaic areas 
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